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PREFACE

This report contains a detailed discussion of the methods

and procedures used to determine the damping properties of com-

merically available polymeric materials. The work was done by -
the University of Dayton Research Institute, Dayton, Ohio in

partial fulfillment of Air Force Contract Number F33615-76-C-5137

for the Materials Laboratory, Wright-Patterson Air Force Base, A
Ohio. The project, task, and work unit numbers are 7351, 06, 88.

The work described was conducted during the period January 1976 .. -<

through December 1979 under the general supervision of Mr. D. 11.

Whitford, Supervisor of the Aerospace Mechanics Division, and

Mr. M. L. Drake, Principal Investigator. The tests were conducted

primarily by Mr. G. E. Terborg and Mr. J. Graham.

All the data from the testing is contained in the Appendices,
which include the bare beam results, the coated beam results, and

the temperature nomogram for each material tested.
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SECTION 1

INTRODUCTION

Vibratory eneryy is a source of acoustic and resonant

f atimue failuxes in aerospace structures. The prob ern of how to

dissipate this eneoqy has lone been an imortant consideratirn in

aircraft desiqn. It is well. knon that pclymueric materials with

high loss factors, when used in the form of a coatinq or in a

constrained-layer damping treatment, can considerably reduce

re2sonant vibration Problums 11, 2]. This rcleort describes the

vibratino beam testing technique used by the University of Dayton

Research Institute (UDRI) to determine the dampino. properties of

ton'taricall y available materials. Accurate ieter,::inatiou o. thesel

p'roo•eties is an essential first stop in usilno damn:ino, th loq

cc cn tol airc rat desi(n problems.

'This 5report has two ivmain purposes. Fir-st the report e:-iai•s

the \'ibrat.ng beam test techni:ue. This step-by-step exlanatio•n

(which appears as Section II) includes test instrumentation and

set-up, specimen criteria, specimen preparation, and data collec-

tion proct-dures. Second, the report records the results of tests

oih t-.'-ntv-eig3ht polymeric materials. Sectian TI of this report

introduces these results. The data are included in the Appendices.



SECTITON I1

\'lBRA'IINC BEAt! Ti;ST: 5% 'PICAS I CUP

The following information is a step-by-step explanation of

how to set. up and conduct vibra,, Ill.,; bea-' to5tM

2. 1 S1'1 UP Til. TEST

2.1. 1 Select Test Instruments

The Iinsti-ur.en' s Usod il:a tI'.}i-ma) I'P T \'ibr.-, j '

beam test are shown 1n 1F .i rc I. Tbhis s ct_-Vxi ca.n 1o usco'.1t t,',

four types of specimen beams: uniform; "Oberst; " modified Ob0-st;

and , sandwich. Each of theso Is isw n

A continuous sino sweei_ oscil lator ISV:5L.] to c.xcC':

an Plectro 30 301,TM3 transduvcer (nanufact:ured by.: lecti a Corporation,

Sarasota, Bioriaa. 'Iha1"e tr-milsdx;cer excites the specimer bear'.

ReCspo: soes a re p ic ked up by an :ndevuo B2?2 ni a ra-t i) c c 0,10 rs 1•o- tL-

(manuifactured b, Endevco Corporation, San Jua: Cast.rar-.o,J

California). An oscilloscope is used to monitor both excitit.

and response wave forms durina the tests.

The UDRI test set-up incorporates an x-y pl.otter,

used to plot response spectra ,raphs comprised of transverse

acceleration versus frequen and to note resonant fre,:uencies

(f n) and half-power bandwidths (,,,,f for selected tenpeoratuicx.

These measurements are used to calculate the complex Youon"'s

modulus E (1 + ir*D) for an applied layer of damping natei-ial, or

the shear modolus G (I + iT') for dampinq m;ateri.il in the core

of a sandwich beam. The measurements trust be taken carefulvly

because small errors in measured quantitites can lead to very

large errors in the calculated values of C andO or ED and "r3

Advantages of this test set-up method inclurlŽ: (a) the
system is reasonably simple to use; (b) errors can be assessecd
aid kept within laimits; (c) a sincile specimen can be isOtI to (-,.,cr

a wide band of frequencies and temperatures. A m sadlvant,it W,

this method is that only low strain level data can be obtained. A

2
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2.1.2 Select Appropriate Specimen Beams

Selecting the appropriate specimen beam for testing

a particular material depends on the following criteria:

(a) The uniform beam is used for stiff materials,

such as epoxies and plastics, which are self-supporting at ordinary

temperatures, that is, have Young's moduli ED greater than 10t'

psi (6.89 x 1i0 N/i 2 )

(b) The "Oberst" (nonsy-mmtutrical) or modified Oberst

(symmetric) beams are used for materials in which 'EDI is between
104 lb/in:2 (6.89 , 10' N/mr) and l0-" lb/in 2 (6.89 10'" N/rn?). As

E falls toward the lower limit, h /h for these beams can increase.
DD

(c) The symmetric sandwich beam is used for mater-

ials in which pE DI is between 10 lb/in" (6.89 l0 N/1 n - and

W.1 iL/in, (6.89 -K0 1 N/m2) . since the sandwich beam relies on

shear of the damping material between two supportinq beams, it

yields better results for this range of values of -1

2.1.3 Review Solution Equations

The fol]owina ecuations are used to calculate the
value ot E or G for various materials, according to the specimen

D D
beam used:

(a) For an "Oberst" beam (with dampina material

coated on only one side of the beam), the complex Young's modulus

is derived from formulae developed oriqinally by Oberst [3].

These are:

h
D11 Ln I1+ 2ne(2 + 3n+ 2nd) + en'(1

LphJ on -I no

n [1 + l +n_ 41:' + 2e r,n + en' (2)

I + 2. 2 + 3n + 2n^) + en

where e El/I: and n h )/n. In these formulae, Z' is calculated
th

from the measured resonance frequency (f ) of the n mhod of the

dampud beam and the measured frequency (f ) of the undamiped beam;
onl



e is then deduced from equation (1) and D is calculated from

equation (2), this value of e, and the measured value of the modal

dampin, . In fact, after some algebraic manipulation, the fl-
lowing equation for c in terms of Z2 and n can be derived:

2 ~ -ZI)2 .e= (4 + 6n + 4ný - Z)n + (4 + 6n + 4n': - Z2 )2 n2 + An;(z-l) /

These equations give reasonably accurate results

provided that Zý - 1 z 0.1. If Z' < 1.0, the error in e resulting

from an error in 72 becomes prohibitively high.

(b) For a "modified Oberst" beam (with dampinq

material coated symmetrically on both sides of the beam) the com-

plex Young's modulus is derived from formulae (2):

ED = E(ZZ -. 1) / [en' 4 12n' + 6n] (3)

1D = nD Z. / (Z" - 1) (4)

where

Z2 = (1 + 2f D n/p) (f n/f on)

Again, the equations qive reasonably accurate results whenever

Z2 - 1< 0.1.

(c) For the symmetrical sandwich beam, calculation

oa values of the shear modulus (GD) and the loss factor (!h) for

the damping material is based on a set of equations developed by

Ross, Kerwin, and Ungar [4]. In current notation the now classical

equations are:

(EI)* - Eh 3 + Fh..h + h -* (5)
c 6 D + 2g*

wher. (EI)* is the equivalent complex flexural rigidity of the
e

three-layer sandwich [ (EIl) (I + in ) ] and a* is the shear
3n

parameter given by:

G* L'
g* - -D (6)

Ehh



Equations (5) and (6) may be solved to give simple algebraic

equations for GD and nD, namely:

[(A- B) - 2(A- 3) 2 - 2(Ann 2 [Ehh2n/L?]
D (1 - 2A+ 2B) 2 + 4 (Ann )(

n A = A /[A- B - 2(A- B) 2 - 2(Ain)l], (8)n

where

A = (n/f 2 (2 + ;.DhD /1',h) (B/2), (9)

and Li
B = 1/6(1+ hD /h)Y (10)

For most polymeric materials in the rubbery and transition reqiens,

E D 3GD and n D 5• n 5].

For tests covered by this report, the first seven

ejqen values of the system are given by:

2
S= 3.515

2
22.0345

ý32 61 .6970

r2 = 120.902 (11)'°4 j-

r2 199.866
.54
2 298.560

'6 i
2 416.990

The eigen values define the relationship between the resonant

frequencies of the uncoated individual beams and the nodulus 1

by the classical relationship

h I"/(Eh /12) " * (12)
on n

7



2.1.4 Review Specimen Beam Criteria

To obtain satisfactory test results, specimen beams

must be prepared carefully. Paying careful attention to specimen

dimensions helps avoid machining difficulties and helps to insure

accurate test results!. Figure 3 shows a typical bare beam, with

appropriate dimensions indicated.

Recormmended materials for specimen beams depend on

the test temperatures. For low temperature tests (below 30001 or

149 0 C) , aluminum or steel beams can be used. It is important to

note that if a stiffer beam is used, clamping conditions become

more critical.

For high temperature tests (up to 2,000'F or 1,093'C),

steel or superalloy beams must be used.

Recommended beam dimensions are as follows:

Len(ith of beam L-- 7 in i 0.002 in (177.8 mm 4 0.5 nim)

length of beam root ý = 1.125 in 1/64 in (28.58 mm , 0.40 mu-,)

'ihickne.ss Qf beam h 1Z* 0.05 in; h L" 0.08 in: h 4. 0. 0005 in
(1.778 mm 4 0.018 mm)

Thickness of root hr = 0.25 in 1 0.005 in (6.35 mm , 0.12 min)

Breadth of beam b- 0.45 in 0.001 in (11.4.3 mm , 0.03 mm)

Thickness of damp- h 0.004 in (0.127 mm)
inci mnaterial layer

Tolerances are as stated. in sandwich beams, two

dimensions are particularly important. The tolerances for the

beam thickness (h) and the thickness of the damping material (h D)

should be carefully noteO(.

For sandwich beams, the thickness (h) should not be

um tUlan 0.05-inch (1.27 mm). Less thickness is ]ikoly to cause

machining difficulties, and reduces the likelihood of well-matched

beam pairs. For effective sandwich beam tests, the two beams that

forni the matched pair must have resonant frequencies (ff ) that
on

nil cli v..'i l l ,. 1.0 lc'rccrit. I'i, .;i'., I di l (1 ( '.iC , D, thik .w :

can lead co ].,rge diffeurences in resonant frequency. For uxamlJ ,

if a hypothetical fieam I ha-d thickness hI 0.07N-j,:cjj 4 (.0005,
I

'I
0{
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and a hypothetical Beam 2 had thickness h 2  0.070-inch - 0.0005,th "" ':
the n resonant frequency of each beam would differ by the ratio: A

0.070 + 0.0005 0.0705
0.7 0 0 o.o 005- = 1.0144

which represents a difference of over 1.4 percent. At a hypothet-

ical frequency f = 1,000 Hiz, the difference in this case could be
n

as high as 14 Hz, which is unacceptable. Therefore, tolerances

for each pair of beams must fall within the above stated limits

at all points along each beam in the pair. Beams must be matched

in pairs as they are made, and a vibration test must be used to

verify this matching.

The thickness of the dampino material (h1) shouli

not be less than 0.004-inch (0.127 mrm). Preferably tht, d Im;I,;

material should be thicker; otherwise, it is difficult to control

the dimensions of the conmposite specimen beao.

2.2 PRURARE AND TEST BARE BEAMS

2.2.21 Prepare Bare Bcams

(a) Collect the batch of beams to be tested. It

is best to test all beams in a particular machine shop batch (that

is, beams of equal geometric dimensions and metallurqlical composi-

tion) together, and to plot data from these tests on the samv, set

of graphs. This makes it easier to select matched pairs of bea- s

for sandwich beam specimens.

(b) Glue a rectanqular step block to the bottom

of the bare beam as shown in Figure 4. The stel) block should he

made of the same metal as the bare beam. The step block should

be the same width as the bare beam and the same lon(ltII as t h.

root of the bare beam.

Mount the step b lock on t he f 1 aI s ide t ho hlw,,

directly above the step joint. The front surf ice o f Ih st (; ,

block must be in the same plane with the step joint , wilh tho

sides of the step block straiglht and parallel tI) tiic Le,n,.

10
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The glue used for all phases of the vibrating beam

test should be a good, quick-drying cyanoacrylate epoxy, such as

Loctite 404. This glue is effective for tests at temperatures

ranging from -50OF to +225 0 F (-46 0 C to +109 0 C). For testing at

greater temperature ranges a hiqher temnerature glue should be

used, such as Loctite 306.

(c) Glue the magnetic drive disk to the beam.

When non-magnetic beams are used, the high v excitation disk is

mounted near the root end of the beam to minimize the effect of

mass loading on the beam being tested. The excitation disk mass

is more than the accelerometer mass. Place the drive disk approx-

imately 1.25-inch (3.175 cm) from the beam root. This step is not

necessary if the test beam is made of a magnetic material which

will maintain its magnetic properties over the temperature range

of the test.

(d) Glue the accelerometer to the beam. Place the

accelerometer approximately 0.125-inch (0.3175 cm) from the free

end of the beam.

(e) Place thermocouple in root o. the beam or on

the base plate of the fixture. Either location is acceptable.

(f) Place the bare beam in the test fixture as

shown in Figure 5. Make sure the front surface of the step joint

or root is clamped securely within the test fixture, and does

not protrude out of the fixture. .%lake sure the beam is perpen-

dicular to the front edge of the clamping block.

(g) Check the system operation by taking frequency

sweep and noting locations of resonant frequecies of the specimen

beanl. Figure 6 shows typical resoonse spectra. For oood results,

each peak should be distinct, and should rise above the "backgrourid"

by 10 db or more. If the "rising" is less than 10 db, it may be

difficult to obtain satisfactory tent data from a (iven mode.

2.2.2 Test Bare Beams

(a) Take frecqcuency scans between 10 liz and 10 K;i,.

Test at temperature ranging from -100'Y to +300OF (-73 0 C to ]150 0 C)

'Fake temperatures at intervals of 50"P (28 0 C) .

12
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(b) Note resonant frequ oncies for each mode. If

any interference modes, i.e., peaks in the response curve caused

by 60 cycle noise, external excitation, or instrumentation noise,

anpear on the qraph, verify the true resonance of the beam by

co'~par i ng thc respo t ectiv e fq nc:.- rat i~or to t he r•c cti'.' rat os

of the eiqen values.

(c) Plot the modal data points. First divide the

center frequencies of each mod-? (f ) by their respective eicienOil
vaI ucs (A) . Then plot the result versus temperature for eachn -i

1mo1de.

(d' Draw a line throu,!h all plotted data points.

This helps determine fre]uencies for oth.ir unmeasured temperatures.

If san',.ich bearms are to be nr-epared, continue with

tile following steps:

((-) Select mnatched pairs of beams. !'wo beams wh:ose

characteristic curves lit voerv close together oay cc considered

a matched pair. Figure shows typical data for a ;matched -,.ir
of bea..s.I

(f) Calculate the avera(ce natural frequency for

the sandwich beam pair (refer to Friure 7). First draw an "avera3,1

line" between 'Cho plots of the beams in the matched pair. Then

read a value from this line, at a (liven temperature, and iiultiplyj

this value b%, the respective eigen value. The result is the avorage

natural freq•oency (f ) for the sandwich beam.

-

2. 3 PREPARE SPECIMEN BEAMS

2. 3.1 Sandwich Beams A

During all phases of beam preparation, make sure

the beam dimensions are not distorted and maKe sure the beam sur-

Cace stays clean and free of any contamination.

(a) Select a matched pair of beams usinc, the oro-

cess described above.

(b) Remove the step blocks from both the beaxrs,

15
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and remove all adhesive from the beam root. Carefully scrape off

the adhesive with the edge of a razor knife.

(c) Place the beams on a solid flat surface (a glass

cleaning plate) as shown in Figure 8. Place the step joint over

the edge of the cleaning plate to prevent the beam from bending

and distorting during cleaning.

(d) Thoroughly clean both beams. Use a degreaser

such as methanol, and an abrasive cloth such as Scotchbrite. Remove

any surface oxidation and contamination. Then wipe the beams with

a degreaser and a lint-free laboratory tissue. Continue wiping

until the tissue shows no discoloration. Avoid contaminating the

clean surfaces.

(e) Apply the polymeric material to one of the beams.

Do this immediately after cleaning the beam to assure good adhesion.

During this process make sure all air bubbles are removed from the

material.

(1) Place the polymeric material on the glass

cleaning plate. Then lay the beam down onto the material (see

Figure 9). This process usually eliminates any entrapped air.

(2) Press the material on solidly with a

rubber roller. If any air pockets are visible, use a sharp pointed

object to break the bubbles, and then use the roller to work the

air out. Use a razor knife to trim any excess material from around

the beam.

(3) Remove excess material from the beam root.

Use a razor knife and a straight edge to make sure the polymeric

material is cut off on a line directly above the front edge of the

step joint. If any material extends into the beam root, remove it

and clean the root area thoroughly. Figure 10 is a detailed assem-

bly diagram of a typical sandwich beam.

(f) Measiurc the polyn-eric material layer. If thfý

layer is not thick enoug-h, add material. (The thickness should 1.e

greater than 0.004-inch or 0.127 man). To add material it is eas-

iest to st-ack one layer on top of another on the same heam. It Is

also possible to adhere material to each beam in the matched pair.

17
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Either method is acceptable as long as the resulting sandwich beam

has an even layer of material that is free of air bubbles.

(g) Glue a metal spacer to the beam root as shown

in Figure 10. The spacer must be the same thickness as the layer

of material. The material should adhere to the leading edge of

the spacer.

(h) Finish the sandwich beam assembly as shown in

Figure 11.

(1) Place both beams on a glass plate. ..

(2) Peel the top layer of release papaer off

the material.
(3) Spread a thin layer of glue on the exposed

side of the spacer.

(4) Place both beams on their sides.

(5) Hold the beams by the step roots.

(6) Place the free ends of the beams against

a heavy square metal block.

(7) Bring the free ends of the beams together,

so the beams form a "V" with the free ends

at the point of the "V'".

(8) Carefully close the "'V", bringing the

step roots of the beams towards each other

so the beams come together with sides in
parallel.

(i) Glue the magnetic drive disk to the completed

sandwich beam. If the beams are non-magnetic in the temperature

range of the material test, place the drive disk approximately

1.25-inch (3.2 cm) from the beam root (see Ficiure 5).

(j) Glue the accelerometer to the completed sand-
wich beam. Place the accelerometer approximately 0.125-inch (32 mm)

from the free end of the beam (see Ficlure 5).

(k) Place the thermocouple in the root of the beam.

If temperature measurements are made in this fashion, it is accept-

able to have a thermocouple attached to the base platc.

21
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2.3.2 Free-Layer Beams -9

Prepare free-layer specimen beams using the pro-

cedure described previously, with these exceptions:

(a) Do not remove the step block.

(b) For an "Oberst" beam, adhere the polymeric

material layer to the bottom of the beam (see Figure 2). Glue

the drive disk and the accelerometer to the top of the beam.

(c) For a "modified Oberst" beam, adhere the drive

disk and the accelerometer directly to the top layer of material.

2.4 TESTING THE SPECIMEN BEAMS

Both "di& tal" and "analog" systems can be used to oenerate

and handle data from vibratinq beam tests. The tests reported

here used the analog techni(que. 'The adva1itau;e of ! diqital syst(emH

is that test results can be fed directly into a computer, and

necessary mathematical operations can be performed at the time of

the vibrating beam test,

2.4.1 Carry Out Test Proced]irps,

(a) Place the specimen beam in the test fixture.

Use the same process as was used for bare beam testing (see Section

2.2.1).

(h) Check the system operation by takinzi a frequency

sweep and notinq locations of resonant frequencies of the specimen

beam. Figure 12 shows typical response spectra. For qood results,

each peak should be distinct and should rise above the "backriround"

by 10 db or more. If the "rising" is less than 10 dh, it may be

difficult to obtain satisfactory test data from a given mode. This

is especially true if the peak is hiqhly "unsymmetrical." If "bad"

point. appear, attempt the followinq remedies:

(1) Integirate the accelciation siqnal elec-

tronically. This procedure has the effect

of lookincg at "velocity" instead of

"it a 1• ( 1 (: r )l-lJ t.(, r . "

(2) Try another pickup position on the beam.

23
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(3) Try another thickness of damping material

(generally smaller).

(4) Try filtering the output signal. Use

this procedure very carefully, to avoid '

obscuring a problem.

If no remedy is successful, the test data must be rejected.

(c) Conduct the tests. Measure the resonant

frequency (f c) and the half-power bandwidths [f1 (-3 db) and f R

(+3 db)] of modes 2, 3, 4, 5, 6, and 7. Measure frequencies to

the second decimal point, and to a precision of , 0.1 1Iz. Obseivky

at least two sartple periods of the counter before writinq down

the frequency.

Conduct the tests in an ordered sequence of selected

temperatures. Measure temperatures by using a thermocouple embed-

ded in the root of the specimen beam, or in the base plate of the

test fixture as described previously.

Begin tostinq at room temperaturc. Take measurement-!

at test pJoints above room temperature at intervals of 25"F (I 3.W'C)

Continue until the composite loss factor for the majority of modes

is below 0.02. For each test point monitor temperature until thor-

mal equilibrium is reached; that is, until two successive temper-

ature readings taken at one-minute intervals are within , 21F of

each other. After reaching thermal equilibrium, allow -I fifteen-

minute thermal soak before taking dynzumic data.

If necessary (to test the maximum dampinci tempera-

ture) , cool the specimen beam below room temperature. Conitilnuc

measurements at decreasing temperatures unt il th. loss factor drop,;

below 0.02.

Uste an ouscili-] copi_] to i'nnin t lr the e,>:-i I. lion and

response waveforms . If a non-si nusoidal shaj:e aplas;l, re. j('3't

the p)oint. and chock the system. Responsef .;p.ct rp a shol] d res('nhI'le

the exam,]es i n Fiiwur(e 12. ,'ole ,'ian py spur i,it], .,•

st Ia' VOy ta (TOs (i.is uhl] y 11n] t i Ies of (0 11) z') b)y' f i::It

re t2 UI1 ~i11i ( 25.•



jI
2.4.2 Check Possible Sources of Error

For vibrating beam testing, as fr-r any measurement
technique, errors can arise from several sources. Elrrors inI the

measured complex moduli of the polymeric material may be the

result of:

(a) Errors in specimen preparation, such as poor

adhesion, voids (air bubbles), joint damping in clampinq fixture,

or non-uniform thicknesses.

(b) Errors in temperature control. The thermo-

couple may riot indicate the specimen temperature accurately because

of thermal lag (insufficient time for reachinq thermal equilibl-ium)

or because of non-uniform temperature distribution within the
spec imen.j

(c) Errors in measurinq resonant frequencies, as

a result of too hiqh frequency sweep rate, mechanical relaxation

of the specimen, or low level signals (hence the need to always

monitor "input" and 'output ) .

(d) Errors in measurinq modal dampinq. Problems

could include closely spaced modes, extraneous dampiniq sources

(such as damping in the clamp), or incorrect interpretation of

non-linear response as apparent increased dampincl.

(e) Error magnification, because of unstable

regions in the equations. For example, in "Oberst" equations (1)

and (2) , and "modified Oberst" equations (3) and (4) , the term

' I 1)- acts to ma1ini fy errors in or E_ As 1. 1, this

factor becomes infinite.

While conducting vibrating beam tests it is imper-

tant to constantly be aware of these and other possible sources

nf erroneous data, and to apply every possible precaution while

obtaining, interpreting, and utilizing the data.

2.4.3 Compile Test Data

For any beam specimen, each test "point" cconsists

of a set of simultaneously measured values of temperature, mod,

resonant frequency, and modal damping;. The complete set of d.at
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points for each test includes these measured values for the un-

damped beams and for the damped specimen beams. The raw test
data for each damping material evaluated include the values of

temperature, damped resonant frequency (f ), the half-power fre-
C

quency (fL and fR), bandwidth (.f), and the modal loss factor (:0) A

Aniu)endix B contains exam])les of raw test data for each material tested.

It is important to evaluate the validity of raw

test data being generated by a particular vibrating beam test.

Such evaluation may indicate problems in a test system that need

to be pinpointed and solved before too much effort is invested

in the test. One way to evaluate the raw test data is to examine

the plot of n, fn and f versus temperature. This plot may be
n' n on

(_enerated manually as shown in Figurp 13, or automatically as part A
of the test system t6, 7]. In either case, subjective evaluation

of the test data at this point is an important step in the testing

process.

The vdlid raw data can now be used in conjunction

with the appropriate set of equations to produce a set o! material

properties for the specific temperatures and frequencies measured

during the beam tests.

The final result of dampinq material analysis is a

temperature nomogram, which expands the limited number of test

results to a graph from which the designer can obtain the dampincg

material's properties (modulus and loss factor) at any gliven com-

bination of temperature and frequency. Appendix TB contains tem-

perature nom)og rams qenerated by the comeuter system used for UDt•I

vibrating beam tests.

The development of temperature nomograms is discussed

in reference [101. The computer program used by UDRI to generate

nomograms is discussed in reference [7].

Figure 24 is a temperature nomogram with some grid

lines removed. This nomogram can be read rpore na;iiy. The pro-

cedure for reading this nomogram is as follows:
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Select a combination of temperature and

frequency, for example 200 }iz and 59°F (15"C). Find

the point for 200 H{z on the right-hand axis. Follow

the point horizontally to the line for 59'1 (15'C)

temnnerature, At this intersection, draw a kertical

line. Then read the modulus and loss factor values

off the app.ropriate graph, at the point of inter-

section with the vertical line. In this example,

modulus G (200 Hz, 59%F or 150C) = 140 psi and loss

factor 1ý (200 lHz, 59CF or 15,C) = 0.89. This nomo-

ciram also shows a second example for the combinacicn

40 11z and 1090F (42.8'C). In th-s example, modulus

G (40 liz, 109,F or 42.8'C) = 20 psi and loss factor

1 (40 11z, 109OF or 42.8'C) = 0.(,9.

Figure 15 illustrates another application of tem-

perature nomograms - speci fyinq tolerances for purchased polymeric

materials. This nomogram has hypothetical accopt.anc r limits

superiuposed. Details of this use of nomoqrams are discussed in

reference 19].

It can easily be seen from the nomociraphs that the

data in this format is amenable to the develonment of analvt:icail

equations which would represent the data. The equations used to

fit the material properties are those suagested by Rogers in refer-

ence [6].

The ability to represent the dynamic material proper-

ties in equation form greatly facilitates the use of this iata in

analytical structural design. A short discussion of the equations

and parameters used in the curve fitting routine follows. More

detailed information can be obtained in references [6] and 171.

The curve fits to the data on the nomocraphs were

calculated by the computer program mentioned previously in this

Section. The basic form for these equations are as follows:
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Storage Modulus

2 lo gl0 M )
log1 0 (Eý) = log 10(Y.) + f- (13)

i +(\of- 9-N

where:

iý is the material storage modulus;

fr is the reduced frequency;

M is the inflection point of the storage modulus

curve as read on the Younq's Modulus scale;

F is the reduced freauency value of this inflec-r om !:

tion point;

N is the slope of the curve at the inflection point;

M, is the Younq's Modulus value of the lower hori-
zontal asymntope of this curve.

Figure 15 illustrates the curve fit parameters MN-S~rom '

from' N, and M,.

0
U

GN 10 I6G

- 10~S M

rom

0 0
D

U
L 10
U Mz - -- IN I
S

10- 10- 10- 10 10 10 10
from

REDUCED FREQUENCY

Figure 15. Curve Fit Parameters for Storage Modulus.
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Loxss Factor

l o910(1) 0oc fr1 ) + + (S + Sh)ro

Q -~.+(oo o( (14)

where:

rn is the loss factor;

fr is the reduced frequency;

r 1,,•• is the loss factor value of the damning peak;

fo. is the reduced frequency value of the damoino

peak;

S is the slope of asymptotic line for low values

of reduced frequency;

S is the slope of asymptotic line for hic:h valur-
h

of reduced frequency;

C is a parameter which defines the curvature of the

dampinq Peak.

Figure 16 illustrates curve fit parameters "'fro-'
frcI SZ S h and C.

A
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Viciurc 16. Curve Fit Parameters for Loss Factor.

The curve fit equations for each material tested

are incll(led in the materials dampinq properties evaluation in

Appendix B{.
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SECTION III

PRESENTATION OF D)ATA

The raw test data from the bare beam characterization tests

are presented in Appendix A. This data consists of the natural

frequency (fn) for modes two through seven at each temperature the

beam was tested at, and the value of this frequency divided by

its respective Eigen value (fn /n) . Each set of this bare beam

data is plotted in a similar manner as Figure ]7. From this graph-

ical form of the data, matched pairs of beams are selected. This

form of data is also used to obtain the natural frequencies of the

beams at temperatures other than the test temperatures.

All of the polymeric materials that have been tested by IUDRI

are listed in Table 1. The raw and reduced data from these tests

are presented in Appendix S in this order:

(a) The geometric parameters of the beam and material, the

temperaLure and frequency test range, the peak and

range values of the loss factor, the computer file in-

dex numbers, the equations for the material's charac-

teristic curve;

(b) The raw test data;

(c) 'rho reduced test data;

(d) The reduced temperature nomogram.
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Iv

TABLE 1. POLYMERIC MATFRIALS AND MANUFACTUREPS

Material Manufacturer

Exodanip C-2003 E. A. R. Corporation

Isodamp C-1002 F. A. P. Corporation

MacBond IB1120 MacBond (Morqan Adhesives Company)

MacBond IB1160 MacBond (Worqan Adhesives Company)

MacBond 1111200 MacBond (Morqan Adhesives Company)

MacBond 11;1220 MacBond (Morgan Adhesives Comapany)

MacBond IB1248 MacBond (Morqan ivdhesives Company)

MacBond 1111320 Mac~ond (Morcian Adhesives Company)

MacBond 1I1400 MacBond 'Morclan Adhesives Comi•anyl)

MacBond 1131401 MacBond (M0rgan Adhos iyes Company)

MacBorid 1131622 MacBond (Mornian Adhesives Company)

MacBond 11210] MacBclnd (Plorgan Adheos ivos Complany)

Macliond 1132107 MacBond (Morqan Adhesives Company)

Macl3ond 1132130 MacBond (Morgran Adhesives Comipany)

6oundcoat 11) Soundcoat Company

Soundcoat M rouncdcoat Compiany

Sounldcoa t N Soundcoat Coinany

Soundcoat R souridcoat Company

Soundcoat 1)iad 601 Sonacicoat Company

Suundco(at I)iad 606 Soundcoat (Comjiamny

Sounclcoa t l)iad (09 Soundcoat Company

LSoundfoil I,1 12 , ourdcoat ComI)any

151) 110 3 M (Conl )anyi

1111) 112 3M ('ofll anlv

ISP 113 3,M COm, uIpnty

I) 3] 3M 3M ('C mit liny

,It 330 3! i ; ,

Lo j iy Iut yl t'I)P I
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APPENDIX A

BARE BEAM TEST DATA

Beam No. 050A A

Temp. Mode f fn/A Temp. Mode f f /A
n n___n .. n

OF Hz Hz OF Hz Hz 1

! _ 75 2 196.6 8.78 +225 2 191.6 8.55

3 548.5 8.89 3 534 . 5 8.06

I 4 1076.4 8 .90 4 1044.6 8.63

5 I 1784.5 I9.0] 5 1723.q 8.71

6 i2681.1 9.00 i 2593.2 68.7o

S3770.2 904 _ 1 7 13667.0 879
25 12 97.9 8.83 i75 2 189 8. 48

3 551.8 8.94 i 1.530 .3 8.59

14 084.2 J8.96 4 11036.5 8.57

_ _ 9_ 1798.2 9 .08 5 1-1709.7 8.63

"6 2702.] 9.07 I 6 i2572.2 8.61

7 3793.6 .910 7 :3637.9 8.72

2 2 1 4I) .1I 8 -.- - - -(H

3 555.7 I 9.01.

__.__ 4 1092.9 9.03 I
l_ 5 _1813.6 9. 16
16 2724 5 9 14

__ _ -_ _ _ I _ _ _

7 3826 .2 I 9 H18 I.

+125 1 2 194 .8 8.70 I i

I : 3 i 543 .7 I 8.81 IF I
I I

14 1068 2 8 83 ] I
5I 1772 .2 8.', 1 _ _

I -4.

I , , i
I ____ 6 2663.0 ___ . 9_ _ _ _ _ _ _

7 37443 0 8 .98 1
i+115 2 8.98 3 I I,. __ _ __ _ _ ___ _

I ____ _____ I4 8.63;, '

__ _ _ _ _ 
-I

- - - -----------------.- _-

-7 5 8 .

1 37) 0 . H °. H 9t'
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Beam No. 0501

Temo. Mode / A Temp. Mode f f fA
n n' n nI_ _

OF lE Hz Hz OF 1Hz -liz

+ 86 2 197 .9 8.83 4-225 1 2 193.5 1 .64
_- r n --r I

555.2 9.00 _ 3 544 6 883

1087 .1 8.98 T 063.6
__5 1797 .3 9.08 5 8.83

7 6 7 _ 700 ._- 9t06 6.0 2619.8 8 79

7 3796 .9 .11 ]1 7 3687 0 I .8H

S2 199.1 8 8 +275 2 192.3 8.78

I 3 560.1 I .08 3 540 ] 8 .75

4 I 1004 3 i 9.04 I I4 1053.0 8 .70

I 5 1801 3 9.10 i_ 5 1738.(, 8. 78

6 2703.2 9.07 ' 2621 . ý38 .8s

7 3802 .3 9.12 '37059 , 1)

- 25 2 200.4 I . r)5i
_ _ _ _ _ _ _ _ _ _- _ _ _i ,_ _ _ _ __4_

6_ - .7 (),.. 4- ------ --

i 4 1101 .6 I 9.10 1_ _ _

151 815 .4 I9.17 _ _
__ _ _ __ _ _ __ _ _ _ 9. 7_ __ _ _ I " _ _ _ _ _ _ _ _ _

6 2722.6 9.14 . ', 4

_ 7 3829 .2 9.1 _

L 2 5 12 196 .3 8.76~ - -

3 5 2 .6 8.96

_ 4 107 I .8-8_ _2

5 1774 .2 8.96 -1

_____ 6 225) 8.92 ____________ _ _ _I•,''• _-__ii 7 1 3743.0 8.98

1800 2 1 94 .7 8.69 )
! 3 547 9 8 88

4I 4_ 0169. 5 8.84

_ 5 17 58 .7 8.88

6 1 2035 3 8.84

7 3708. 3 8.89 , _ _ _

i I)



-A
B~eamn No. 060k

Temn. Mode f / iA Temp. Mode f /A
n r. n n_ n/ n

,Hz Hz iF J 1 Hz jHz

1+ 72 2 235.3 10.50__ __

3 658.8 •10.68 _

4 1290.8 IO. ._67_______

_ _ _5 2122_.2 10.61 _ _

25 2 237.0 10.58 l
-- i

3 663.7 10.76 T I
4 1300.2 10.75 _____

5 2138.6 10.69 _1

25 2 239 0 10.67; I _,_

i 3 668.5 10.83 1_ _ _ __•_ _ _ _ I _ _ _ _ _ _
4 1310.1 10.83 i

5 2155 16 0.78 I _ i __

-75 2 240 .7 10.75
SI I }

3 73 .4 1i0 9 1

4 1319 .3 10.90 , ,
5 2176 .8 10.o 88 _ i _

4125 2 i 233 .3 104 r., II I
'I i 3 , 653 .0 10.58 I I _

, t i iib
4 1278 .3 1 ,_ . 5f_

5 2102.6 10.51

+180 2 231 .2 10. 32 _ _ _ I
_ _ 3 647.1 10.49 1

4 1266.9 1 O.47_ _ _ _

5 2030o. 3 10.40 l -

+225 1 2 229.4 10.24 I _

f3 4 2 23 0.41 I
]257.1 10.31

___ S 2063 .6__ __0 ._ _ __ __

4275103 .- 4I C 3. G 10.32

~~27 4 2] 4 2.2 3 10.14129_____ _____

40, i

_ _-_ iI _ _. _]_0_3

4!.



Beam No. 060A

Temp. mode f f /A Temp. Mode f fn/A n

1F H z 1H7 ___ I__ F Hz Hz

+ 78 2 235.81 10.53 '+175. 2 I 232.26 I10.37

1 3 662.95 10.74 _3 654.92 10.62

4 1301.1 10.75 4 4 1287.7 10.64

__ 5 2150.5 10.75 1 5 j2133.1 10.67

6 3200.0 10.74 6 386"7 1069

7 4466 .3 10.71 7 ;4454 3 10.68

_+ 25 _2 I 238. 10 i10.63 1225 1 2 231 .4 10 .34

____ 3 668. 54 :10.84 I3 647. 84 i0. 50

4 1312.0 10.84 I 4 1276.0 10.55

5 2166 .8 0 8 , 5 2117.7 I0.59)
6 323. 1.8 6 3 1b 2 .6 10.61

7 4496 .4 10.78 I 7 4434 .6 10 .63

- 25 2 24 0 . 05 10.72 I+290 2 227 -74 i lO ?

3 1 673 .26 1 10.91 3 639.06 i 10.36

4 1321.5 10.92 4 1253.9 10.36

65 T21. 45 10.91 __ 5 _ 2067.8 10. 34

'6 3240.4 __10.87_ , 6 - 3073. 1 ___0.31

7 i4508 .6 10 .81 7 4280.8 i 10 27

i- 75 2 240 .67 110.74 I
3 676 .82 10.97 L _ _____

4 1327.0 I 0. 97-

I 6 3206 .2 10.76 _ _ _ __ _

7 4683.8 11.23 -r -1
_+125 2 233.89 10.44 Ii _ _"

3 657.46 10.66 I _ _

4 1298.03 10.73 i I _
5 2148.69 10.74

6 3204 .0 10.7, ,

7 4484.30 1(I/.- /5
L _ __ __ _ __ _ __ _ __ _ _ I __ _ _ _ _ _

4I 1



Beam No. 060B1

Temp. Mode f fn An Temp. Mode f f n//A

_____i Hz OF _ __ Hz f Hz7 -

I +275 2 230 2 10.28 I 5 I 2184.8 10.92

______ 3 643. 3 1 .43 ______

4 1256 .3 10.38 ,_ _ _

S5 2061.9 10.31 ' _ _

j+225 2 t 2334.4 10. _ __ _ _ _ _ I_ _ _ _

_____ 3 651.0 110.55 I _- ___I I 1 ]
_ 4 1270.6 10.50

5 i 2084 .6 10.42 _

+175 2 234 .4 1.0.46 I

i 3 654 .8 .61 _ _ _ -

4 1 1278 .0 10.56 i
5 20991 1 0 I I 0

1 +125 2 236.6 10.57 _ ;__

i 3 6 00 2 i10.70 _ __ _,_ _"

____ 4 1288.0 10 .64 1__ _1_ __ _ _ _ _

5 2116.0 10.58 t
_ I _

+75I 2 238 1 i. 63
3- 665. 0 10. 78

I 4 1295.8 i 10.71 _ ,,_

5 2129 .9 , 10 65 I _

25 2 2,10.0 _0 71

____ 3 673.5 110.9286 __

4 ]313 .2 j10.85 1- __ _ _ _ _ __ _ _ _ _

2167. 110 1

I i i 8 I

75 2 243 .5 10 8-

.8__-_ _ I i __ _ _ _ _ _ _ __ _i

I3 I, 678. 0 ~10 9,

4 132.3. 10.93

__- 2 2 , 4].7 0.79_ '



Beam Nc. 060D

Temp. Mode f /A Temp. Mode f f/i
Tm Mo n n n n n n

oF 1 Hz Hz Q_ F __ _ Hz , Hz

+ 80 2 238.44 10.64 _5 2092.9 10.50

1 3 666.67 10.81 1 6 3150.57

14 1.300.7 10.75 ____ 7 41 4 19 . 10.60
5 2142.7 10.71 +175 1 38.6031 10.97

6 3199.0 10.73 2 237.38 1.60

____ 7 4488.3:___ _ _ ___ 3' 660.98 10.71 i
+125 1 [ 38.0661 10.81 4.. 1293.0 10.69 ;

2 237.46 10.60 j 5 2142.3 10.71
3 662 .60 10.74 6 3213. 1 10.S4

41 1294.50 10.70 7 4504 .4 10.80

5 2138.1 10.69 +125 1 38 .72 11.00
I 6 3198.0 10.73 239 22 1 0.t,8

7 4488'.3 10. 76 3 666.18 10 .8
+174 1 3 38.19 10.85 4 1303.1 10.77

2 236.98 10.58 5 2158.7 10./79
6 3 659.76 1-0.69_ 6 3237.7 i10.86

4 1290.66 1.0.67 4538.6 10.88
5 2137.7 10.69 + 25 1 39.214 - 11.4

6 3207.2 10.76 2 243.29 10.86

_ 7 4416.4 10.78 3 679.21 11. 1

+225 1 37.910 10.77 4 1327.6 0. 97

2 235.03 10.49 5 2194.8 10.97

S3 654.11 10.60 6 3286. 5 11.0 1
4 195 10.57 1 . 7 4608.9 11 ] 10

I 5 2123.8 10.60 -_25_ i 1 39.5541 11 24

3182.6 10.68 2 244.70 10.92

7 4464.1 10.71 3 633.677 11 08

j+275 1 37 .466 30.64 _4 1336.0 11.04

2 232.77 10.39 _ 5 2204.7 1 (.02

3 648.30 10.51 _ 6 3301-9 11.08

4 1267.9 i1048 i 7 4635 5 i1 1 2

43



Beam Nu. 060B (cortt'd)

Temp. Mode f f/A Temp. Mode -F f /A
nl n' n n r. r"

0F - I'- Hz Hz I 0 Hz T Hz I

80] 1 39.760 11.30 15 2103.8 3  1o.52
2 ]246.24 L10. 99 441145. 10. 595-

3 688.04 ill~ 4414_.9 101, ____

4___ 144.9 11.11 ___+

5 2220.8 111.10
T3324.5 11.16 I

7 4665.0 11.19I__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Ti
i+125 1 38..385__ 10. __ _ __ __ __ _ _ _0_ _

2 238.9.3 10 67

3 667.74 10. 82 I . ___

_4 1305.3 10.79 1
5 2156.8 10.78 H

_____ F 6 3227.8 1110.8 3 _ _ _ _ _ _

7 ~~~4525. 1108

+181 1 37.58 10.68

2 236.7_10.5,

3 661.7 110.72

4 1293.9  10.69 _

5 2137.8 ,1069 106

____3201.3 10.74 I_ _ _ _ _ _ _ _ _ _ _

7- 4L48 9. 3  10.77 __' _

+222 137 .2 0.7,2

2 235.24 10.50 1___ _____1_____

3 657.81 10.66 _

4 1286.0 10.63 -___3

5 21246 110.63
I 6 3181.4 10.63 8

_ 7 4458.9 10.69 1
2_ 232.8 10.39 39

3 651.0 10.55
I 4 i1273.0 110.52 1 _,

4-;

IL



Beam No. 060C

Temp. Mode f /A Temr-. , / e ff
cF Hz Hz r F I Hz Hz

+ 68 2 241.9 10.80 5 12152.4 10 .76
3 677.9 10.99 6 3183.7 10.68
4 1327.1 10.97 ; +225 1.2 , 236.2 , 10.545 2189.1 F1 0 . 9 5  3 6 10.73_ _ _ _ _ _ _ _ _ _ _ _ _ •_ _ _ _, 3 6 6 1 .8 1 0 .7 3

3242. 5 110.88 i 4 1294.8 10.70

+ 25 2 243 .6 10.88 5 '2134 .2 I 10.67

3 682.7 i11.06 6 3152 .8 10.58
4 1336 .2 11.04 ++275 2 I 233.9 1 10 .44
5 2203 .1 11 02 I 655.9 10.63* I --

6 3266 .9 10.96 . i4 1 2 8 6 .1 ,0.6-
7 4562 .0 10.94 5 2124.1 10. 62

25 2 245.6 10.96 6 13177.9 10>6,4

3 688. 2 11.15
4 1346. 3 11 13

5 2226 .2 11 .13

6 3292 .7 11 05
7 :4591 .4 11 .01 1 -__ _ __ _ __ _ _ I _ _ __ _ _ _ __ __,__ _ _ _

75 2 247 .0 11 03

3 692 .2 :11.22 i
_ _4 1355_ 0 _ _ _'.ii_ 20 I '

3 - 2236 .1 1 1.18 _ _ _ _ _

6 3303 .6 11.09 . i7 4580.9 10.99 _ _! i

+125 2 239.8 1 0.71 iiI

3 672 .3 10.90 _ 2._
4 1315 .8 10.875 2170.1 10.8- I

""6 3 32 5 .4 1 i0.7 . A.

+175 i 2 I 2 3 8 . ] 0 6 3____

3 ,667 .3 10. 8L2
4 ' 305.7 10.79) i ' '

4 1)



Beam No. 060C

Temp. Mode f n/A Temp. Mode f f n/A n
H 1 Hz r H To_______ '.

+ 72 I 2 242.16 10.987 1+173 2 1 238.51 10.822

3 673.76 I 10.920 3 _665.40 1_i0.784

4 1319.34 10.904 4 4 1302,82 10 .767

_ _ _ 5 ,2181.40 1 10.907 ___ 5 2153.48 10.767

6 3267.30 10.964 16 3223.68 10.818

4580.76 10.985 I 7 4517.40 10.833

I + 25 2 243.47 11.047 +225 2 235.05 10.665

3 678.43 1 ]0.996 I 3 661.62 ' 10.723

4 1328.00 10.975 i j 4 1302 .38 10 .763

5 2198.38'10.992 5 2158.40 I0 .792

6 3293.19 11 .051 1 6 3229.28 10.837

"I 461994 11.079 7 4515 .20 10.828

- 25 2 246.25 11. 173 +270 2 233. 81 10.608
63 85.37 ii 108 , 3 653.62 10, .594

4 1342.15 11 092 __ ,, 4 1279.40 10. 574

5 2221.46 11 107 i 5 2113.74 10.569I 6 3329 .31 1i 172 6 3164.35 10.619

7 4667. 0', 11.192 7 4446.80 10.664

75 1 2 i 247 .60 -11 234 _ _ '
, 3 690.42 111 0o i 0 i

4 22 1'__

____ 4 I1350.22 11 159 _ -I
__- __ -__ -__ __ _ __ _ 11 17 i

5 1 2234 .32 i 11 . 172 I

_ 6 3346.10 i11 .229
7 4690.58 i11.248 I_ _ __

+125 2 240.60 10.917 t
1 3 1 670.15 10.861
_ 4 1311.92 10 .642

5 2171 .54 10.858 ____-

3253 0-7 I10 916__

7 4559 20 t.O 933 i _

, ., __ __ ]
,-- i - - - i : I .... I- .. .. ... . . - 'I



Beam No. 0601)

Temp. Mode f f /A Temp. Mode f f n/ASn n. n __ _ _ _n . n :

F [ Hz -I Hz F i Hz Hiz
+ 72 3 674.2 10.93 + 1751 2 237.0 1 0.58

4 i4 1319.2 10.90 3 663.6 10.76

_ 5 2166.9 10.83 4_ 1296.8 10.72
6 3212.5 10.78 5 2172 .4 10.66

7 4486.1 10.76 I 6 3164. 10. 62 I
+ 25 1 2 242.8 10.84 I7 2_ 4411._ _0. 58_

679.3 .o1 i 235.1 10.50
4 1327.5 10.97 1 3 658.2 10].67__ __•___ __ __ 3 658 2_10_

___I5 2182.9 110.91 ____14 1286.7, 10.63

6 3238.1 i0 5 2115.8 10.58

7 4520. S 10.84 6 3135 1 .052
- 25 2 2.14 .5 0 92 7 4374 .6 1(0 4

25 2 i 24 ____ I I1________ ___

3 684.1 1109 +27 2 33 10.,40

1337.2 - I i5 .3 652.2 10.57

_5 2197 6 10 9. 4 12-1i 5.3 10 .54

6 3262.7 10 .95 I5 2096.4 1 ]0 40 q

7 4554.1 10. 9 6 3106.5 0 42

- 75 2 246.4 ]1 .00 7 4I325.8 10 . 35 7

3 688.8 11.16 I _

4 1349.1 11.13 _ i

5 12216 5 11 08 1 - _ _

6 3284.5 11 .02 I I

____ 7 1 4 588 .2 V 1.001_____ _ _ _ _ __ -
+125 2 ,238.9 10.67 -

__ _ 3 1 668. 10.34 _ __ ___

4 1307 80 . 3 -

5 21497 1i0.75 l_ ___

6 3187 .i0.69 ] I -!
7 14450.6 10.67 1

!_ _ _ __ ___ I _ -1'



Beam No. 060D

Temp. Mode f f /A Temp. Mode f f /A
n n n ___ n n n

OF _Hz Hz F I Hz Hz

+ 72 2 243.38 11.063 +175 2 239.60 10.891

3 678.55 10.998 3 668.55 10.835

4 1328.76 10.981 4 1310.01 10.827

5 2202.46 11.012 5 2167.14 10.836

6 3302.25 31.081 6 3248.12 10.900

7 4633 .06 11.110 7 4554.75 10.923

25 2 245.08 11.140 +225 2 236.53 10.751

3 682.68 11.065 3 663.00 10.746

4 1337.60 11.055 4 1297.92 10.727

5 2217.60 11.088 I5 2137.98 10.690
6 3326.60 11.163 6__ 3194.32 10.719

S7 466735 11.193 7 j 4476.98 10.736

- 25 2 246.61 11.219 +275 2 6 . 234 .37 10 .653

3 687.48 11.142 3 657.75 10.660

4 1346.82 11 131 4 1287 .33 10 .639

5 2232.39 11.162 5 2113.84 10. 569
- 1

I ___ 6 3349.40 11.240 6 3150.38 10.572

7 4698.55 11.268 7 4390.50 10.529

-75 2 I 248.63 11.301 _

i__ 3 692.51 11. 224i

_ 4 1357 58 11.220
s 2249.64 1.1.248

6 3374 .35 1] .323
7 4731.86 11.347

+125 2 241.58 10.981 1
_34 6 73.28 10.912I

4 13 19 .75 0 0.907

5 2185.48 1 .927 _ t[__ 6 i3277.12i10 .997

7 ~ 4 5- .1 1101

- - I _ _ v1 4592.10 j11.0o2 ___ 1



Beam No. 060E]

Temp. Mode fn f n/An Temp. Mode f f /A I
OF .Hz Hz H z Hz

+ 72 2 243.74 11.059 1+175 2 237.90 10.794 +4
_ - 3 679 .01 11.005 _ 3 667.96 10.826 A

4 • 1328.8 10.982 4 1307.4 1 10.805T _ _._o__ i •• • - •
I5 2199.8 1.0.999 5 2157i. 5 1078

-__ 6 32971.2 11.044 I 6 3212.0 10.779

7 4620.3 11.080 7 14490.7 10.769__ __ __ _ _ _ ___ __ ' 4 +

21 2 I 244 .115 +225 2 * 236.30 10.721 ,

i 3 683 .31 11.0757 I I 662.92 iu.744
____ 4 _ 1337 .8_ 11.056; I 10.72______ ,_ 1337. I ____ 4 1297.6 __i0 724 '

5 2213 .9 _11_.07 5 2140.0 10.700
I 6 r 3310.6 11.109 I 6 3183.5 '10 .683

7 4641 7 Ii 131 1 7 4449.0 10.669 1
-- 25 2 245 56 1 11 142 1+275 2 234 .40 10.635 A

,I 3 i 688. 12 11i 5 3 3 657.6 10.649
SI 3 65I6ii 4 -I

4 - 1347 .1 I 11.133 _ 4 1238 .4 I 10.648
_ 5 2223 .2 11.116 _ 5 2125.6 10.628

i 6 3314 8 j11 123 i6 363.0 10.614
7 4637:411.121 ___7 4423 .2 110.607

-75 2 248 .78 1t 288
1 3 694 .11. 11.250I I

4 1359.1 11.232
I 3 9 .4.1 .11.20II_ _ _ _ _

- 5 5 I 22494 11i247 I I'I. ' i *I*
6 3363.0 11.285 _ _ _ i "

+125 2 239 .72 10.877

3 672.57 10.901 I -

4 1316.9 10.883 [-_

5 2172.7 10.864

I 6 3235.1 10.856 I
7 45233 . 10.847 , I--

] ''



Beam No. 060E

Temp. Mode fn f n/An Temp. Mode fn f n/A
0F Hz Hz _F Hz Hz

+ 72 2 244.36 11.089 +175 2 238.81 10,835

3 679.96 11.020 3 669.95 10.858

4 1332.5 11.012 4 1309.1 10.819

5 2213.0 11.065 5 2160.3 10.801

6 3321.7 11.146 6 3221.9 10.811

7 4658.6 11.172 7 4516.7 10.831

+ 25 2 245.86 11.155 +222 2 237.63 10.781

3 684.79 11.098 3 665.20 10.781

4 1341.3 r 11.085 4 1301.4 10.755

5 2226.6 11.133 5 2152.2 10.761

61 3338.0 111.201 6 3215.4 10.789

7 4680.0 11.223 7 4509.9 l1 .815

- 25 2 247.60 11.234 +275 2 235.4 10.680[ } 689.57 11.176 3 61 q .0 10.680

4 1350.8 11.163 4 1289.7 10.658

5 2239.8 I1.199 5 2133.2 10.6C6

6 3357.4 11.266 1 6 3185.6 10.689

7 4703.5 11.279 7 4471.0 10.721

75 2 248.25 11.263
3 693 .05 11 . 2 ý-2

4 1356.4 11. 29 C

5 2242.1 11210

3346.7 11.23r,

7 4686.0 11.237 1
•125 2 239.63 10 .872 2

1 3 674 .75 10.935,1
i 4 1318.3 10.895 i I

j 2175.3 10.876 -
6 2 43 8 10 .885

7 7 4548.9 1. 0.908 8 _ ____

'0



Beam No. 070A

Temp. Mode f f /A Temp. Mode /An -n ,. n n] n , ' 1-

OFI T- E0F = izH

+ 9 2 1281.5 I12.57 i+175 2 280.1 12 .50

3 783.5 112.70 1 3__ 781.3____ 12.66

_ _ 4 1540.2 12.73 I 4 1534.5 12.68

[ 5 2549.9 12 88 5 2540.0 12.83

_ 6 3824.8 12.83 6 3805.3 12.77

7 - 5353.9 12.84 I 7 5326.0 12.77

+ 69 2 284 .1 12.68 +22 5 2 i 276. 5 12.34

3 791.1 12.82 3 774.1 1 12.557__

i 4 1546.0 12.78 _ _ 4 1511.8 I12.49 4_

5 2564 .2 12.95 I 5 2493. 3 12.59

6 I 3845. 2 112.90 ] 6 13725 2 12.50

7 5385.0 12.91 . 7 5 ?2 2 .9 112. 52

+ 25 2 287.0 12.81 1+275 j 2 274.6 1.2.26
3 794.7 12788 E 3 769.6 12.47i 1555.5 12.•-86 _______ _____ _____

15. 4 1502.5 112.42

5_ 151 2579.0 13 03 5 1 2476.1 12.51

__6 3866.3 12.97 6 6__ 3696.2 !12.40

5410.9 12.98 7 5179.5 112 .42

I 25 2 288.9 12 .90o ! _
3 4 799.4 1

4 1564.9 12.93 _

i 5 2586.7 13 ._06 1

6 3893.6 13. 07

j7 5440.8 13 .05 i
I1 -2 21.7 12.58

3 784.9 12.72 I -]

4 1538.3 12.71 _ _ _ _ _ _ _ _ _ _ _ _ _

5 2549.3 12.88

6 3822.9 12.83 1 ,

7 5352.0 112.83 1 -_____
_______ _________________ I __________L. __________ __________



Beam No. 070C

Temp. Mode f fn/A Temp. Mode n f /A
ri r n n n n

FHz Hz -' F Hliz

+ 74 i 2 283.9 12.67 ;+225 2 278 .1 12.42 2)

3 789.8 1 12.80 0 3 775.8 112.57
4 , 1542.6 1 12.75 4 '11515.7 112.53

5 2550.2 112.75 ,5 6 2500.6 112. 63

+ 3814.8 12.80 6 3734 .0 12.53

[ 7 5341 .0 12 .81 -7 5226.6 '12 53

25 2 285.8 112 .76 1+275 2 275.0 12.28

3 795.3 12 89 3 768.7 12 .46

1 4 1553.0 12 83 4 1502.7 12 42
____ 2474.4 13]2.50[' 5 2567.3 12 .84 247 .4 - .5

6i3841. 0 12 .89 _6 3684.2 12. 3 ,

7 5378.4 12 .90 7/ 5146.3 1_2 .34

10 2 287.5 12 . 83

3 799.4 12 .96. .
' I 4 1561.3 1 2 .90

5 2581.2 , 12 .93. I__i H
6 3863.0 12.96 1_ _ __'_

7 5408.9 1 .97

+125 I 2 282.4 12.61 I
__ _ 3_ 786.0 12.74 I

± i,

_ 4 1535.5 12.69 _ _

_____ ___ _ 2538.1_ 12 .82 _ _ _ _

{ 6 3797.5 [ 12.74 I_-"--
7 5316 .8 12 .75 ,

+175 21 280.3 12 .51 _

3 781.3 12.66 I
4_ 1 1527.0 12 .62

5 1_2524 .4 12.75

6 3777 .0 12.67 L _

7 5287.2 12.68 11 _

52



Beam No. 0701)

Temp. Mode f f /A Temp. Mode f f n/ATp.Md fn n/n n __ ln

0 F I _z __Hz °F Hz Hz
_+ 69_1 4 4.534, 12.65 4 1i 5 0 7 .1  12.46

2 275.79 12.31 1 5 2488.7 12.44

3 779.42 12.63 16 3710.3 12.45

4 1525.2 12.60 7 5187.1 12.44
5 2518.3 12.59 +225 275.69 12.31

6 3757 .6 12.61 I 764.99 12.40

17 5257 .2 12.61 i 1497.7 12.38

+ 20 2 _283. 03 !_12.64_ _ . 2473 .5 12.37

785.73 j 12.73 ! 369 .8 12.38

4 1537.0 12.70 ' 5161 3 12.38

5 2538 .7 12.69 +275 [ 269.711[ 12.041

6 3787 .6 12.71 I759 .76 12. 31

7 5302.6 12.72 1486 2 12.28

25 2 285.99 12.77 i 2452.8 12.26
3 792396 12 853655.0 1 12.27

4 1531.4 I 12 .82 75112 .3 12.26

5 2561.8 12.81 1II

I6 13822.3 11283 31 7 5350. 5 12.83 _ , _V 25I i
75 I 4 1552 .5 12.83 . I _

____ 5 2563 .7 12.82 _____ _______

_ _6 _ 3824 .8 12.83 ..

7 5354 .2 12.84 ! i I

+125 2 278 .23 12.421) I

3 773 .81 12.54 } I

4 1515 .5 12 52 __ I _

5 2502.4 12.51

6 .37 1 7 12.52 ' _

7 5217 .2 12.5 1 ,

+17f5i7 2 272 .65 12.17 .17, I. _ I
-3I t3 [ 769.35 ___]2.47 __ _ _ _ _ _ __ _ _ _ I _ _ _ _ _



Beam No. 070D

Temp. Mode fn f n/An Temp. Mode fn f n/An

_ F Hz Hz 0F Hz Hz

+ 64 2 277.2 12.38 5 1.553.6 ]_

3 772.7 12.52 +138 2 171.8{

4 1502.7 12.42 3 477.4

5 2481.5 12.53 4 939.5

+ 25 2 278.8 12.45 5 1541.1

3 777.3 12.60 +202 2 170.5

4 1512.0 12.50 3 473.65 2498.0 12.62 4 932.0

24 2 280.5 12.52 5 1529.6
3 782.4 12.68
4 1523.8 12.59 !_

5 2518.7 112.72 1
+122 2 274 .8 12.27' 1 1

________3 765.8 112.41_ _ _14 1489 . 12 .31

5 2459.6 12.4_ 1 .42

1+172 J 2 272.6 12.17 _ 11 3 759.8 12.31 _

4 1477.9 12.21

5 2439.6 12.32
+224 2 270.4 12.07

4 1466.2 12. .1

5 2420.5 112.12 2

__2 _1 2 I 11 .1 ' I __ _ _ _ _-

+-271 268. 2  11 .973 I 747 . 112 12
4 11453.1 12. 1 0I

5 5 2397 .2 12 .11 ,

1 3 4814 I . 4_
4 9I 4I___4 __ 946.8 8 __________ ___



Beam NC. 070E

Temp. Mode Fode f f /A

n) n n .l .. 11
O F Hz Hz 1 Hz Hz

+ 72 2 277.60 12.39 +175 2 272.71 12.17

3 776 .28 12 .58 3 764 .41 12.39

__4 i1518..1 12.55 , 4 j 1489.9 12 .31
5 2503.2 12.52 5 2476.4 12.38

6 3726.0 12.50 3 .1 12.37

7 7 5203.0 12.481 7 )85143 .3 12. 33

25 2 279 .14 12.46 +225 2 270.91 12.09

i 3 780.58 1 12.65 3 759 .19 12. 30

4 1526 .8 12.62 j 4 1489. 2 12. 31

I 5 2518 .1 12 59 5 2461 .2 12. 31
S6 3748. 3 12.58 6 3663. 9 12.29

7 5228 .3 12. 54 7 5113. 2 12.26

25 281 .37 12.56 268.42 11 .984.-.+27 -6 4 i 9

3 788 .58 12.78 3 7-3. 13 12.21

1542.8 12.75 4 1 :" 7 .6 112.21

-5 2544 .4 [12.72 5 2441 . 3 12.21
_ _ 6 _3789 0 i12.71, 6 J3632 .1 12. 19

7 6 35289.0 12.68 7 5068.4 12.1 5

- 75 2 i 283. 58 12.66 i _

Si _ 3 793. 02 112.85 _ _

4 15.9 12.803~255.2III
5 255 2 1)2.80

G 3812.0 12.71"I 7 5 3 25 -8: 2.77

25 2 274 .57 12.26

S_ 3 769 .41 12.47

4 1508.3 12.47 _

5 2490.6 112.45

6__ ____ 3707 .7 412.4
7 5173.4 12.41 f

I 9 L



I-

Beam No. 070W

remp. Mode t A Temp. Mode f f,/A
mn n r.

6 _F_[iz Hz F 4 H z

+ 69_ 2 ! 277.4 12.38 ] _-. -
3 774.6 _12.55__ ___

I 4 1508 .3 _12_ 47_ _ _

5 2493.7 12.59 __ __ _

+ 5 2 279.8 12.49 ___"____

3 781.8 12.67 '

4 1522.4 12 .58I_

5 I 2497.7 12.61 _- 50 2 281 .9 i12 .58 i

3 788. 1 12.77
'1924 .1535.6 _ _12 .69I

5 2522 .5 12 .74 I

+100 2 275.8 12.31 1 I

i i 3 771.0 .12.50 0 _

4 1501.9 1 12 .41 I ,I _ __i _ _ _ _
5 -2474 .4 12.50 I_ _ _ _ _ _

+150 2 273 .8 12 .22 I
i 3 765.0 12.0 A

4 1490.0 1_2.31,, 4 l1Ai I _ _ _ _ _ _

5 2453.9 12.39 1

+199 2 271 .8 11213 _

__3_ 759.2 12 .30

14 1478 .5 12.22 t
5 2434 .9 12.30 [

+250 2 269. 5 12.03

3 752 .3 12.19I
_ __ _ __

4 1464 .9 K1 2___ .11 _____ ~~~
5 2408.4 12.16 _

_ _ _ _ _ I _ _ __ _ _ _ _ _ _ _

i)t.



Beam No. 080B

Temp. Mode f f /A Temp. Mode /A

OF_ Hz__ 50Z9 OF I Hzz

+ 72 1 50 93K14.47 7 6021.2 1444

2 321 .70 14.36 +175 _2 318.01 I14 20
3__ 1903.18 14.64 I 3 I 892 .14 14 .46

4 1768 .3 14.61 4 I 1745.8 14 .43

S2920.3 14.60 5 2882.3 14 .4)I ,Arn
_6 4333 44 14 . 43047 14.44

I 7 6045 .0 1 14.50 7 5989. 2 1 36

25 51.787 14.71 +225 2 315 .28 14 .086

2 325.58 1 14.53 3 885.58 14. 3

3 911.66 14 78 4 1733 .8 14 .33
4 1782.9 14.73 5 2862. 5 14 .31 1

_ 5 2942.2 14.71 6 4269 1 4 33
,I '6 4406 .3 54979 I 5945 . 14 .2

_ 7, 6229.2 I 14.70 11272 2 33 31 13 9.
7 -7

-25! 2 330,05 i4 3
i_ 3 92234 14 I 1719 12 1

1719. 14

4 1800. 3 14.88 ' 5 2838 .1 1.4.19

1 5 2971 .2 i 14.86 6 4227.4 74.19t-1 I- I

6 I 4427.4 14.86 C, 48S9. 1472

8 7 6202.4 j 14.87 7

+ 85_ 2 t 330.24 14.74 i

__ _ 3__3 925.07 14 .99
1809.2 14 .95

5 2986.8 14 .93

6 4449.8 14 _93

7 6221 .5 14 .92
i +125 I 2 319 66 ]4 27

I38 896.30 114 3 I

17 5.5 14 . 51 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-

5-"289 4jIi

6 4325 .7 24 . --2



Bear No. 080D

¶7em. Mode /A Temp. Mode f f /A
n n n n
zF H z ° Hz 1HZ

+ 75 i2 3262 1. j +125 2 I 323.4 i 14 .677Ii
3 912.1 114.783 3 905.2 14 672

4 1785.1 14.765 1 4 1772.8 L1 4  6 6 3
5 2952.2 14.771 5 2931.5 14.668

6 4409.5 14.769 6 4376.2 14.658

7 6159.7 1 14. 772 7 6112 .4 14 b58

- 72 2 333 .7 15.145 1+175 2 i 322.0 14.614

930.9 15.088 1 3 898.7 14.566

4 1820.9 15.061 1 4 1760.7 14.563
5 3013 .2 15.076 2913.6 14.578

6 4507 .0 '15.096 14332.7 114.578

7 6296 .2 15.099 7 7 6082. 9  14.587

25 2 331.5 15.045 + 2 2 5  2 319.5 14.500

3 925.8 15.005 I3 '.900 14 .4

4 1810.1 114.972 1 4 1746.7 14.447

5 2995.2 14 .986 5 2890. 8 14 .464

6 4479 .7 15.004 ' 6 4320. 2 14.470

/ I 6259. 3 15.011 7 6037.3 14 .478

+ 25 I 2 328.9 14.927 I ±275 2 317. 0 14 .387

3 918 9 '14 .894 i3 886.2 14 364

I 1798. 1 14.87: , 2 4 173 3 1 14 335K- i-I.--
55 2975 1 14 .886 5 2867 7 4 .348

6 4447.4 14.896 L 6 !4286.3 7 14.356

6213 3 4.900 i 7 15988. 3 14 .361

/+ 75 2 326. 1 14 .800

3 912.0 14 .782 I

I 4 1785.3 j14 .766

S5 2952.4 14.772 . 2 I

6 4410.2 14 .772 _ _ _

I 7 6160.6 1I L 7 .4



Bear No. 0801 -.

Ten. Mode f /1A Temn. Mode f/Anf n'
OF T C T7 T 0  Hz H zz Pe

75 2 333.0 15.1130' +175 I 2 i 320.8 14 .5593. -5 31 -3 . 1 .1 0

I3 927.7 15.0364! 3 894 .7 14 .5015

4 1806.8 14.94431 4 1744.9 14 .4324

5 2979.5 14.9079 25 P 2878 .1 14.400V-

6 4437.6 14.8635, 6 4285.4 14 .3538

, 7 6184.1 14 .83031 7 5975 .7 14 .3305

! -25 ! 2 330.7 15.0086; +225 2 317 4 14.4050

* 3 921.0 14.9278 I 3 886.5 14 .3686

4 1793.8 14.83681 1 4 1730.1 34 . 3099

5 2957 .7 14.7989' 5 2849.9 14 .2595 '

6 4399. 5 14.7359i 6 4240 ] 4 .2020
7 6130. 3 14 .70131 7 5902 8 14 1557

i + 25 I 2 328.4 14.90421 +275 2 314 5 14 2 34

_ _ ' 3 915.4 14.8370! 3 8-9.9 14 2 6 J:

I _ 4 1783.6 14 .7524 4 171 . 4 2090

_____25 I292.9 14 7248_ _ 5 30 5 ±._ 1624

_ _ _ 6 1 4385.0 14.6R74 4! 6 4200.6 1 I

i 1 7 1 6120. 5 14.6771!1 I 7 5847 .2 14 0224
II. 1

+- 75 2 326 i 4 . 7_9_5_

S_ 3 909 .1 14.73491

! _ 4 1772.5 14 .660615 924 .5 14 .63271
,I [ 6 ,[ 4360. 5 14 .60531I'

____ 7 6081.7 14.5847 i

+125 2 323.1 14.6637[ 3 901.6 14 .6134

4 1758.9 14.5481

5 2900.5 14.5127

6 4318.2 14.4636

7 6023.i 14.4442

____ ___ 5'



Beam No. 0801

Tem:. Mode e rT e. Mode A
n n n

I F I "z J. o' q i . . . i Hz' I I I

-75 2 333, 3 15.12- , +225 2 11 321.1 14.573

927.0 - q2 1 5 3 I 893.8 14.487

4 1819.3 15.047 ___ 4 1753.2 14.501

5 2905.7 14.539
5 1 3017.5 1509
6 4518.0i15 133 Ji6 4344.6 1144 .552

7 6306.8 15.124 7 6076.6 14.572
25 2 328 .6 14 .913 I +275 2 319.5 14.500

3 913 .0 14 7% 9 3 888.8 14 .406

4 1791 .9 14 .821 -' 74 1741.3 14 .403

2972 .3 14 872 5 2889.5 14 .458

6 4446 .8 14 .94 6 4335.4 1,1 .521

7 6214 .5 14 .903 1 7 6042.7 14 .491

+ 75 2 326 .5 14 .818

3 908 .0 14 .717

4 1782 .5 14 .743 3
5 2956.9 -14.795 I I

6 4442 .4 14 .879 I1_
I 7 6182 .3 14 .826 ___

+125 1 2 j 324 5 14 .727 I__

i 3 I3903 0 1 4 .636 i _

4 1772 .8 14.663

5 2940 .3 I 14.712 I_I I __ _ __ _

6 4417 .0 14 .794

7 6149 .7 14.745 ,

4+175 2 I 322.9 14 655 65i
3 I 808 .6 14 . 65

_-__ 4 1762 2.6, 14 .579
- ! 5 2922 .3 14 .6221

6 4 7 1 .2 14 .641.
6112.4 14 .658 _

60



Ream No. 080F

Tep. Mode f F'A 7Tcmrn. Mode f f /A• n • n ' r ," n I • n
____ r -[ H z rF oF 1 z [•

69 2 326.0 I 14.795 +125 2 324 .5 14.727
3 906 .6 14 .694 3 902 5 I14 .628

4---
_ 4 1780.6 14 .728 4 1772 .8 14 .663

5 5 s 2951.4 14 .767 5 2936.4 1 1.692
4416.4 1.92 6 4396.2 14 .24

[ 7 6174.1 _14.806-____ 6145.0 .4_736_ _-

-5 2 331 8 15.058 +175 2 322 .8 14 .650

3 906.1 14 .686 3 j 897. 7/ 14 .550
4, 4 1811.6 14 .728 I 4 1763 3 14 .534

5 3003. 1 15.026 5 2919.9 14.61C
6 4501.6 14 .792 G6 4369.1 14 . 634

7 6287 1 14 .806 i 7 '6109.4 4 651
I 1

25 2 330 81 15. 013 1+225 2 321.3 1 5392
______________________ ______________ m.-.--- 89__________________ ______- _______]

3 920. - 14 .920 8 19 .7 4

4 1805.6_ 14 .934 4_ _ 1755.0 ]4 5 1 5
[ 5 2994 .0 i14 .980 290 4 i____ 5 .4.8 i____ ___2906.9 14.545,/

6 4482.9 _15.015_ 6 4366 . I 14 .625

7 6261 .8 15.017 7 608 2 . 2 14 .586

25 2 328.6 i 14 9.1.3 +275 2 319 .2 34 487-

_ _ 3 914 . 14 815 3 I 889 .4 1'4 1]5
I 4 1794 .1 14. 839 _.1 _ 1743 . 1i . 4-21

5 2974 .8 14 .884 , 5 _ 2890. 3 14 04(

6 4452 .9 14 .914 ,I 6 4338 .9 34, 533
7- - C, 0 4

_6222 .8 14. 923 7 j040.1 45

I 75 1 2 326 5 14 .818 i
13 908 0 14.717I _

4 17 3 .3 9 14 .750 }

____ 5 21,1 .8 1I_ __ _ _

6 442 .9 14 .814I 82 .2 1 4 .9)
618.2 3482 , ,1  

____

r, 1



Bearm No. 080c

Temp. Mode f f ,"A Temp. Mode f f n/AnTm.Md fn n n ____ _ nn

S Hz Hz ' 7 Hz Hz!- 75+ 7 5 0. iH

75 331.6 15.0495 +175 2 320.3 14.5366

__ •3 924 .7 14.9878 I 3 892.2 14.4610

_ _ 4 1810.9 1. 4 . 9 7 8 2  4 1739.5 14.3877

5 2993.7 14.9790 5 2865.9 14.3395

I I 6 j 4478.9 !15.00191 6 j4264.8 14.2848

7 ] 7 6255.9 15.0025 7 '5945.5 14.2581

25 1 2 329.3 14.9451 +255 2 316.4 14.3596

, ] 3 9 8. 3 14 .8840: I 3 885.7 14.3556

4_ 14 1798 .0 14 .8715 4 1731.0 114.3174

5 2972.1 14 .8709 5 2844.6 14 . 2 3 3 0

6 4443.8 14 .8843 64 6 40"8 :14 .2044

7 6211 .6 14 .8962 7 1 5 9 3 7 .5 14 .2276
I I I

20 2 326.7 14 .8271 1+275 2 312 9 114 .2462

3 933.1 14 .7997 3 878.5 14 .2389
, 4 1786.6 14 7773 1718.2 14 .2115

I5 _ 5 2949.8 114.75931 5 _2624.6 14.1.329

_ j6 1 4406.0 14 .7577 6 4208.5 .14.0962

, 7 6160.]. 14 772 7 7 5888.8 14 .1221

+ 75 2 323.4 14 .6773 I

13 905.4 14 .6749

I 4 1769..3 14 .6342 [ I _

I 5 2912.4 14 .5722 I i

_-- , ~6 i4339. 1 14 .5336 I _ -

_7 _ 6071.4 1.4 .5600 ._
+12 2 321. 2 14 .5775

S899.4 14.5777

f ____ 4 1757. 5 14 .5366 ___

f , 5 2892. 1 14 .4706 _ _

6 4307 .8 14 .4288

_ _ _ _ _ _ _ _i I _ _ _ _ _ _ _
7 f6026 .8 114.4531

6)2



Eeam No. 08011 1

Ter.p. Mode f f /A TemzD. Mode f f /A Alpn n r. n, r.

. ____H or Hz H2 -

+77 2 32 3.8 14.69i +175 2 1 319 .0 14 .48

_ , 3 908.9 114 73 -13 896.6 14 53

4 1774.3 i 14 .67 _ _ 4 t 1749. 3 14 .47

5 2930.9 14 .66 i 5 _2880. 2 _14.41_1,

6 43646 2 1 14.62 I 6 4293.9 i 14. 38

___7__ 6158.4 14 77 7 5994.0 14.37

75 2 340. _ 15.43 +220 2 317 .2 14 .39
927.3 15.03 3 891 .0 14.44

4 1812.2 14 . 99 4 1737. 6 14 37

5 i 3003.2 15 .06 5 2863 0 14 32

6 l4499.2 1507 6 4260.9 14 27

7 6282.4 15.07 7 5976 .2 4 33

2 328.6 14.91 +272 2 31 4 .0 14 .25

3 i 922.0 14 .94 3 I 882.4 1.4.330

I 4 1800.3 14 .89 4 1725.4 14.27

_ 5 23.8 3 14. 93 5 2 837.1 14.2 0
6 4468.6 14 .97 6 4223.4 14.155-fI
7 6230.9 14 .94 7 5845.5 14.02

+2.5 2 325.2 14 .76 __ _

3 916.1 14 .85

4 1789.4 14 .80 _ _I

5 1 2965.9 ,14 .84 _ _'_ _ _

, 6 4426.9 14.36 I 7

I__ , 1 7 6100.8 14.63 . 3
_______ _______ _________ r' 1•K125  2 I!321.5 14.59

___ 4 41762.7 14 .58-- -! _ __ __ __ 902_ _ 9 1 ]4.58_ __ _ __,,_ _ __ _ I ___,1
i ~ti

5 2902 o 14.52 .

-6 4315.2 '4.45 I 1
7 ,6033.4 i14.67



Bear, No. 080-1

Tern-' M0ciMode C ff
r lP. f.

Hz Hz I I Hz 1Hz

-100 2 327.6 14.87 '+152 2 315.9 14 34

3 913. 3 14 .80 0 3 881 .2 14 .28

4 1799.8 14 89 I 4 1734 .3 14 .34

5 2985.8 14 .94 5 2874. 1 4 38

6 i 4480 .7 I 15. 01 6 4311 .4 1A 44
64256 .9 5 7 6030. 5 14 46

7 i 9 5 .00i

50 2 325 .4 14 .77 +200 2 313. 6 14 23

907 .3 14 .71 3 874 .6 14 .18

1788 .3 14. 79. 4 1721 .5 14 24

5 2966.2 14. 81 i_5 2853. 5 14 2

S4449. 5 14 .90 6 4280 .4 14 .34

- 6217 9 14,91 i 7 5986 .4 14 .36

0 2 323 .1 14 .66 ++250 2 ' 311 .3 14 .12

n 900.7 14 .600 I -3 86"7 -1 . 06

4 1773. 2 14. 67 4 I 1708.8 0I 4 . 1

5 2940 .4 14.71: 5 283 .0 14 .17

4410. 3 14 .77 14249.1 14 23

7 6163. 5 54 ..8 6 3 14. 25-

48 I2 320 . 9  14 .56. +303 2 308 .4 14.• 00 (

I 3 695.2 1. 51 8 G_ 3 860 .2 .13,)4

4 1762.1 14 .577 '__ 4 11692. 8 14 .00

5 2922. 5 14 .62 5 2804 .1 I A 03

6 4354 .6 14 .58 , _ 6 4206. 6 14 .09

61260844697 14 .111
+1,02 1 2 I 318 .4 14 5

7 1 2 6 . 0 14.39 i _,

4 1747 .6 14 .45

5 2896 .9 1 4 .49;

K 6 4345. 2 i 14 55i _

I57 4I6076. 5 4 . 57I i __ i
' ',I 4S!I I _ _ iI _ _ _

I



Beam No. 080-2

Temp. Mo. fn /A Temn. Mode f f /A
n n n n n.11f

OF Hz Hz rF 1 Hz H, z
-100 2 324.0 [ 14.70 +154 2 312.5 1 14.18_ ,

3 147314
908.7 14_73__ 3 877.8 14 .23

4 1 1775.8 14.691 4 1710.4 1 14 .15

[ 5 2941.1 14 .72 2 5 2829.6 14 16
6 4414.0 14. 78_, 6 1 4256.4 14 .26

7 6201.41 14 .87 7 5980.7 14 .34

55 .2 322.0 14.61, +199 2 310. 3 14 .08

3 903 . P 14.65' 3 870.8 14 .11

4 1765.5 14.60' 4 1698. 2 14 .C5

5 2922.4 i 14.62. 5 2808 7 14 .05

6 4389 .4 14 70 6 4226.1 14 .15

7 6176. I1 14 .81 7 5936.5 14 .24

319 .8 14.51 +248 2 , 307.9 13 .97

2 8 . 3 864.0 14. O

_ 4 1 1.758 .4 _14. 54, 4 16278 .9 1 3.945 29i5 .1 i 14. 58i"' "5. 277 86 .. 13.94
6 4374 .3 14. 61 1 16 1 _ 4193 .2 14 .ý04

7 I6123 .8 14 ,691 5896. i 1 14
.+ 48 2 317 3 14 .40 1+299 I 2 " 305. 2 j 13.86

I I890.7 14 .44' 856.2 1387

I4 '1739 .9 14 .39 4 1670. 2 .3 .81
5 I 2879. 0 1440 .4 0 5 2762.6 13 82

C6 4324 .7 14 .48 6 4157. 92
.6 I 14 .- 5 6_

', 7 I 
6 0 71 6 i 56  , 71 5839.3 11.90

+-01 2 314 .8 14 .291 I

882 5 14 30 , _---------] _'.

I 4 .724 .114.6

5 2851 .0 14. 26 ,

I 0 I ,4286.8 14. 36 1

7 0 3.4 1 1. 44'I i I
I j ,i i



Beam No. 080-3

Temp. Node f f /A Temp. Mode f f /A""n .emn n n /A n
F Hz FHz H__F IHz j Hz

1±48 2 306.9 13.921 ±158 2 301.9 13.70 "

3 866.4 1 14.04 1 3 852.3 13.81

4 170.8. 14 1 4 1675 .1 13.85
I 2830.3 14.161 5 2774 .0 13.88

I 6 [ 4244 .3 14.221 6 1 4161.0 13.94

7 5959.4 14.291 7 I5843.7 14.01

2309.1 14 .035 299.8 13.61
3 872.8 14 .14! 3 846.7 13.72

i 1718.5 1 .21 4 1663. 1 13.76

5 2851 .8 14.271 5 2751. 1 13. 76

6 4278 .3 14.33' 6 4125.6 13.82

6004.2 14.40! 7 5823. 5 13 .96

-55 2 311 .3 14 .13 +246 2 297 4 13. 50
3 879 4 14 .25; 3 839.6 13.61

4 1731 .6 I 14 . 1 i

5 2873. 5 14 38 5 2739 8 13 71

6 4311. 0 14 .441 i 6 '4135.8 I 13. 85

I 7 6047 .9 14 .501 7 5808.5 13 .3
-105 2 313.5 .4.23 1+301 2 3

I 3 885.0 14 .34 3 834 .6 1 553
4 1741 .9 14 .41 4 l],5] .0 13 66

2882 . 3 14.42 I 5 2746-6 13 .74

6 4343 .6 14.55 I 6 1 4116. 2 13. 79

7 6081.2j14.58 _ 7 5764 3 13. 82

102 2 304.3 . 13.81
i ttiI I

4 1 688. I 3. 9 71
I ,r I

""5 i 2798 ._2 14 .001I . I j "I
____ 4201 .2 14 .Q-7

_7 8 1) R .8 14 I 1 7SI " I
L_ _ _ _ _ __ _Ii_ _ _ _ _ _ _ _



APPENDIX B
POLYMERIC MATERIALS TEST DATA

Po'~ynieric .'ateriai Characterization Test

Test Na. 79-8
Beam. Nos. 060D and Da:e 12/11/79

Dampino. Material E.A.R. Exodamp C-2003

Material Tl'cness 0.1204 M tera Density 1.716

Leam Thic'ness 0.1524 cm, Beam Density 2.,795 Ce'/cc

Beam Lenuth 17.78 cm
Temera-ture Test Rancie: Between -3.9 cC and 93.3 cC

Fr.cuencv Test Ranme: Between i0 liz and K Hz

Loss Factor rD

Peak 200 Hz 2 '. 0.95 Tercorcrature 44.4 oC

1000 ]iz * 0.95 Temi.,erature 54.44 •C
n, C Hz 23.9 cC 63.3 oC

10C0 liz 35.6 -C 77.8 0C -

LOG(M)"LOG(ML).(2LOG( !ROM'/ML )' /( +FROM/'R)$*N)
TO FROM MRO N MIL

Al A2 A3 A4
140.0 4.,eeeEe08 4.800@E+08 .3ee 1.7ee0Ee07

A.(LO,(FR)-LOG(FROL) )/C
LOG(ET'A)-LOG(ETAFROL).((SL+÷H)A÷(SL-SH)(1-SORT( lIPs2) C,/2

TO ETAFROL SL SH FROL C I
81 02 93 04 85 A140.0 .950 .325 -. 32S5 8.000@Ee07 3.0e0

LOG(FR).LOG(F )-12( T-Te),(525/1.8÷T-TeO

RemCa r s Material was tested( as an Oherst t, -,ci,( ,:

I,oct i t c 40 44 was Use d to a dh creq atc, r i i I the I }ar::.

Sýoinc probl)eCis occurreýd in ' iceei:' s it i(o of .ccuratej (,,

beltween ]20c C and I O'C. Anltlt WaS k(.LliO (, tlii i 'M 0 '' ,

data I:' this ra-r'le •': (!Oi 1': t 0 cl i f i vs( obc-St t'ypo u,;: u:] ,

LJt t hi s (il d n t h,].

L._
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U, D - c o r la, i ,-
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Polymeric Material Characterization Test

Test ':o. 79-9

Beam Nos. 080-., and Date 2/15/79

Damping Material F.A.R. Isodamp C-1002

M.terial -hickncss 0 .-3068 cm Matarial Density 1,271 c/cc

Beam Thi -ness 0.2032 cm Beam Density 2.795 j /cc

Beam Ler,-,1 17.78 cm ...----

5em):•enure rTest Rangje: Betweeii -11.7 uC and 51.

Freque±cncy Test Range: Between 10 Hz and 10 K H:z

Loss Factor rD

Peak )00 Hz D 0.900 Tmre ra ta r,: 11.0

1000 *1z D 0.900 Ter1r: 19.0 . c

Rinqt2 100 11z -1.0 C 25.6 -

1000 7z 7.0 •r 34.0 r.

LOr.(n' -LOG(lL )* (ZL•OG, ROM.'fIL) / 14 ýFROrl ,Fq )I*•. )

TO FROM MROM 1 ML
At A2 A3 A4

140.0 1.OOE4IZ 1.7SOOE+08 .3S9 I.Se•rE+67
A (LOO(FR'-LOG(FROL.) )/C
LO6SETA.)LOG(ETAFROL) ((SLeSI.)A,(SL-SH) (-SORT,(+Ag:Z ))C/2

TO ETAFROL SL SIH FROL C91 92. 13 94 85

014.0 .900 .226 -.22S 3.0066F*1l 1-750LOOcFR )-LOO(F )-1• 1'-TO •/(62r#/l,8*T-TO) :

V' rt ] ',.n wa an w. " a •n

---I-- - -- _ _
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Polymeric Material Characterization Test

Test No. 78-3

Be-,n Nos. ,ot and Recorded Date 2/3/78

Dam-ing Material MacBond IB1120

Material Thickness 0.0203 cm, Material Density 0.950 0 /cc !

Beam Thickness 0.2032 cm Beam Densitv 2. 795 -,/cc

Beam Length 17.78 cm

Ten•erature Test Ran;e: Between -3.9 •r and 79.4 gC

Frequency Test Range: Between 10 Hz an, 10 K iz

Loss Factor nD:

Peak 1]00 Hz 'D ].5 Temnerat>rea ]?.2

I000 Hz 1.5 r. e riI--, ture Q2

Rancgze 100 Hz --3.9 •, 29.4 0C

1000 Hz 15.6 °C 53.9 'C

LOGrM)'LOGML)+ cOG(fROM'f ML)L ),( (FROMFR)tt h )
"To FROM MROM N% L

At A2 A3 A4
40.0 2.eeeeE+03 3.3e E.e,6 .4S5 7.7500Ee 04

A,(LOG(FR)-LOG(FROL))/I
LOG(ETA)-LOG(CTAFROL)+(tSL+SH)A4 (SL-SH )( 1-SORT(14*A8 )))C,/2

TO ETAFROL SL SH FROL C
91 2. 93 B4 B5

40.0 1.500 1.00e -. 900 1.3SOOE+03 2.2SO
LOG(FR)-LOG(F)-a2(T-TO)/,525/1.8. T-TO)

Re na rk s ;
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Polymeric Material Characterization Test

Test No. 78-4
Beam Nos. Not and Recorded Date 2/9/78

Damping Material MacBond IBl160 _ _ _

Material Thickness 0.0102 cm Material Density 0.965 <icc

Beam Thickness 0.152 cm Beam Density 2.795 <cc

Beam Length 17.78 cm

Temperature Test Range: Between -3.9 oC and 65.6oC

Freauencv Test Ranae: Between 1i Hz and ]0 V "iz

Loss Factor nD:

Peak 100 Hz r D 2.0 Temperature Q.2 C

1000 iHz T D 2.0 Temperature 29.4 -C

Range 100 Hz -6.7 oD 20.0 1C
1000 Hz 15.6 " C 46.1 0C

LOG(P¶)*LOG(ML '+2(LOG (MROIM/,L,/( ÷ FRO//FRc)St)
TO FROM P'ROM N ML

Ai A2 A3 A4
30.0 4.S00@E+03 4.0000E+06 .see 8.000@E+04

A• LOG(FR)-LOG(FROL) )/C
LOG(ETA).LOG(ETAFROL)+((SL+SH)A+(SL-SH)(i-SaRT(I+Azt2 ) )C,TO ETAFROL SL SH FROL C

81 Ua 93 B4 B5
30.0 2.0ee .750 -. e50 ,O.eeeOE+02 1.e0e

LOG• FR)-LO(F )-1ar-Te/)(S251i.BrT-TOe)

Remarks:
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Polymericc Material Characterization Test

Test No. 7 8 -5

Beam Nos. Not and Rcecorded Date 2/] 3 78

Daroin. Material Mtaci~ond 1131200

Material Thickness 0.0279 ,mMat r ial Density .n,5 q c 0.

Beam Thickness 0.2032 cm Beam Density' 2.'5 ....

Beam Lenqt" 17 .78 c7

Temperatu-le Test Range: Between -17.8 -c and 51.7 oC

Freqluency Test Ra3.-o: 0etween c 11iz an,! V0 K "j

Loss dacto r

Peak 1 00 liz .5 q",2 rrA 4.4

000 H: "D 1 -.- a u C
Ransje 100 1 {z -17. 0.0

1000 U..z 2.? •c 31.1 >'•

LOG(M)-LOG(•c L 2LOG(MROP1,ML))/(I+(FROPM/FRs)SI
TO FROM MROM I,4 ML

At A2 A3 A4
30.0 4.E47BE+03 7,0540E#06 .SZO 2.se:E[es

A-(LOG(FR)-LOG(FROL) ),C
LOG(ETA)-LOG(ETAFROL)+((SL*.H)A.(SL-SH)(I-SORT(14At*2))lC/2

TO ETAFROL SL SH FROL C
BI 52 83 54 85

3 i.0 1.se0 .1s0 -. 6ee 3.OOOOE+03 1.eee
LOG (F ),LOG(F )-12 T-Te )/(525/1. 8+T-Te

Renmks-~ : _

- -i

'Ii

- ~- ~ .
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F,]'"•riC :-lato,. "ha Jl~or•cuerzatJ.on Te.z

Test No. 7.-,
Rean, Nca. Nc-t .ncd Recorded Date 2 5 ,7

'Damping: Miaterial j lwc'l 1o, ]1 ]220

Miaterial Thickness (1, 0254 M.at-!ria- Dnsitv" 9 .

Sea.,- Thickness 0.2032 cm Be Density 2..

Beam Length 17.7q cr.,
Temperature Test Range: Between -3.9 o and 51.7 °C --

Frequenczy Teos . : -, ], - enc I0 -a t O

Loss Fact'r-)-

Peak 0 H. z D " _ _, -a. ur, 1 . " -- ,

S10CC 0 1 .. ..
F-m .- e !00":L: -C 7__ 35.0 o0

C-0- H z 12 .2 oC 60.0 aC

LOG(M).LOGML, L OG(r ROM•ML))/(I+(FROM/FR)th )
Te FROM MROM N Pt

Al A2 A3 A4
40.e 4.eeOeE+03 4.SOOOE+e6 .450 s.eOOEw+04

A-(LOG(FR)-LOGiFROL) )/C
LOG(ETA)-LOG(ETAFROL),((SL+SH)w,(SL-SH'(I-SQRTAla+Ao2)I)C/2

TO ETAFROL SL SH FROL C
BI Ba 93 34 •S

40.0 .900 .750 -. 909 3.eeeeE:03 .5see
LOG(FR).LOG(F)-l8(T-T• ),(52S/I!.B*T-Te)

Remarks:

t,
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Polymeric Material Characterization Test

Test No. 78-7
Beam Nos. Not and Recorded Date 2/21/78

Damping Material MacBond IB1248

Material Thickness 0.0178 cm Material Density 0.965 4<'cc

Beam Thickness 0.1524 cm Beam Densit'.' 2.975 qicc

Beam Length 17.78 cm

Temperature Test Ranqe: Between -31.7 oC and 51.7 oc

Frequency Test Pange: Between 10 Hz ana 10 K Hz
Loss Factor

Peak ]00 1. z ,,n 1.403 Temperat ure -18.9

1000 Hiz i.403 Temperaure -1.! oC

Range l00 Hiz -30.0 0Cc -6.7 0c

1000 1Lz -8.9 0C 15.6 0C

LOG(Ml)LOGQGML)(2LOG(MROM/ML) )/'(lFROM/FR)INHR
TO FROM PIRON H MIL

Al A2A3 A20.0 6.8243E+03 5.3055E+06 ,845 3.0861E+e5A.(LOG(FR)-LOG(FROL))/C
LOG(ETA)-LOG(ETAFROL)+((SL+SH)A#(SL-SH)(1-SORT(J#ASS2)))C/2To ET.FROL SL SH FROL c

31 82 33 B4 B5
ae.e 1.403 .336 -. 584 7.4699E+03 .234

LOGiFR)-LOG(F)-12(T-Te),(525/1.8.T-TO)

Remarks:

A

]01
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Polymeric Material Characterization Test

Test No. 78-8

Beam Nos. Not and Recorded Date 2/27/78

Damping Material MacBond IB1320

Material Thickness 0.0381 cm Material Density 0.965 .

Beam Thickness 0.2032 cm Beam Density 2.799 q,'Cc

Beam Length 17.78 cm

Temperature Test Range: Between -3.9 aC and 65.6 OC

Frequency Test Range: Between 10 Hz an, 10 K H Z

Loss Factor nD:

Peak 100 Hz nD 1.5 Temperature 12.2 o0

1000 ijz 1.5 Temperature . °C

Range 100 Hz -1.7 oC 32.3 oC

1000 liz 15.6 oC 57.2 0c

LOG(Mc -LOG(ML) 4(2LOG (MROM/ML)) /(I• (FROM/FRI *o:
TO FROM MROI h ML

At A2 A3 A4
40.6 A•..ee E+03 6.0000E*06 . -00 1.aSeeE+es

A,(LOG(FR)-LOG(FROL) )/C
LOG ( TA ) oLOG ( ITAFROL )#.( (SL÷SH)A+,,{ L- . , ) ( I-SORT ( A$,2 ) ) )/2

TO ETAFROL SL SH • ! C
RI B2 93 95 BE

40.0 1.5S0 1.00 -1.e06 1.6e8 L.+,3 2.5s6
LOG(FR )-LGG(F )-i2(T-TO )/tS2S/1 .S+T-TO

Remarks _

|q
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Polymeric Material Characterization Test

Test "'o. 78-9

Bea' Nos. *Not and Recorded Date 3.1 11 78

Damping Material MacBond IR1400

Material Thickness 0.0178 c 1 M?,terial Densitv 0.C65 c

Beam Thickness 0.1524 Beam Deni- ,y

! Beam Length 17.78 cr

STemperature Test Ran-e: 3et.een -17 3 oa nd oC.

SFrccucn•, Test Rarne: etween 10 L- a 1,) - an",

Loss Fator nD

Peak ]00 0- -- 1 . 3r. ,U

: .000 :' .:• 1 .35 i- t. ... " 3

.-Ran e 10 0 z -9.4 10.0

-u,090 :1z . - -

LOG•R 1-LOGtML ),, •LoGirMRorML ) •, 1,FROrI"FrR )t$N

TO FROM P9ROM h IL
At A2 A3 A4

30.e 3.2120E+a3 5.9439E+06 .55? ,.4S89E•05
AtLOG(FR)-L0G(FROL) ),C
LOG(ETA)*LOG(ETA;ROL)+u(SL+SH)A4(SL-SH)I-•SQRT(: 4AI2 )))C/

2

TO ETAFPOL SL SH FROL C
31 B2 B3 94 B5

30.0 1.358 .484 -. 36? 1.6138E+03 .21S
LOGýFR).LOG(F)-la(T-Tr),(S2S/l.8+T-Te)

Rena ri: s
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Polymeric Material Characterization Test

Test No. 78-12

Beam Nos. Not and Recorded Date 3/20/78

Damping Material MacBond IBI401 __

material Thickness 0.01524 cm Material Density 1.103 _g/cc

Beam Thickness 0.1524 cm Beam Density 2.795 q/cc

Beam Length 17.78 cm

Temperature Test Rance: Between -20.0 or and 51.7 a-

Frequency Test Range: Between 10 iHz and 10 KHz

Loss Factor nD:,

Peak 100 Hz 1 .25 Temperature -6.7 c
D]

1000 i~z D 1.25 Temperature 15.6 oC

Range 100 Hz -21.7 oc 12.8 o C,

1000 VZ -3.9 -" 7,8 eC

LOG(M ) * LOG( ML ) +2LO ( MROP¶/ML ) )/ (FROM/FR )S•NI
TO FROM MROM N PIL

At A2 A3 A4
2e.e 2.seee80[3 8.000@E.06 .s5e 2.250•0eEeS

A-iLOG(FR)-LOG(FROL) )'C
LOG(ETA),LOG(ETAFROL)v((SL+SH)A+(SL-SHH)1-SORT(fI+A*$ )f))C,2

To CTAFROL SL SH FROL C
8l B2 B3 54 85

20.e 1.250 1..ee -i.oee 1.40eeE403 2.500
LOG(FR),LOG(F)-12(T-TO6)/(525/'1.BT-T0)

1A
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Polymeric Material Characterization Test

Test No. 78-13

Beam Nos. Not and Recorded Date 3./22.'/7R-

Damping Material MacBond IB]622

Material Thickness 0.0203 cm Material Density 1.103_g/cc

Beam Thickness 0.2032 cm Beam Density 2.795 -/cc

Beam Length 17.78 cm

Temperature Test Range: Between -31.7 oC and 51.7 0C

Frequency Test Range: Between 10 Hz and 10 K Hz

Loss 'Factor n D:

Peak 1.00 Hz D 1.3 Temperature -15.0 ic

i000 -:z TD 1.3 Temnerature . C

Range 100 [iz -28.9 OC -3.9 °u

1000 !iz -7.8 Oc 20.0 0C

LOG(M •.LOG(ML )+ (2LOG(MROM0MML) )/( 1,(FROM/FR)**N) A

TO FROM P1ROM NI ML
Al A2 A3 A4

20,e 7.2SeeEe3 9.200@E+06 .600 4.eeOOOET*0
A,(LOG(FR)-I.OG(FROL) ),C
LOG(ETA)-LOG(ETAFROL )÷((SL+SH)A+($L-SH)(1-S;gRT(I+Atx2) ])C/2

TO ETAFROL SL SH FROL C
91 1 32 3 R4 35

20.0 1.300 1.000 -. 75S 3.OeOOEEe3 1.e0o
LOGJFR)-LOG(F)-12(T-Te)/(525,1.89 T-Te )

Rem 'ksA:
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A

Fclymeric Material Characterization Test

Test No. 78-14

Beam Nos. Not and Recorded Date 3/27/78

Damping Material MlacBond 2101

Material Thickness 0.0203 cm Material Density 1.049 ciec

Beamr Thickness 0.1524 cm Beam Density 2.795 q/cc

Beam Length 17.78 cm

Temperature Test Range: Between -17.8 oC and 93.3 oC

Frequency Test Range: Between !0 Hz and 10 K Hz

Loss Factor r:

Peak 100 Hz n 1.470 Temperature -9.4 °c

1000 7Z rD 1.470 Temperature 10.0 C

Range 100 Hz -17.8 oC 8.9 OC

1000 Hz 2.2 oC 31.1 -C

LOG(M) - LOG(ML. + 2LOG (MROP/ML)) /,(I (FROP/FR S**N)
To FROR MROM N ML

At A2 A3 A4
30.0 4.7887E+03 9.9865E+06 .412 2.a607E+05

A, (LOG(FR )-LOG(F'ROL ) C/C
LOG(ETA),LOG{ETAFROL)}((SL+SH)÷(ASL-SH)(1-SORT( 1.+A 2)2: C/2

TO ETAFROL SL SH FROL C
81 32 83 B4 BS

30.0 1.470 .182 -. 35S 6.2003Ee 03 .- ee
LOG(FR )•LOG(F)-12(T-T0)/{525/1.8+T-T0)

Remarks?:

1-7
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Polyýmeric Material Characterization Test

Test No. 78-15

Beam Nos. Not and Recorded Date 3/,30/78

Damping Material Maclond TB2107

Material Thickness 0.0178 cm Material Density 1 .049 c*'

Beam Thickness 0.2032 cm Beam Density 2.795 i/cc

Beam Length 1-7.78 cm

Temperature Test Range: Between -17.8 ýC and 93.3 I '.

Frequency Test Range: Between 10 11z and 10 K Iz

Lczs Factor nD:

Peak 100 Hz 1D 1.321 TeCperaturc 8.3

1000 H1z ri .32 Temerature 2f 7 Qr,

Range 100 Hz -3.9 °c 26.7 0C

1000 Hz 12.R 0C 50.0 0c

LOGc(M).LOG (ML)*(2LOG(MROM/' L ) /(I# (FROPe!FR)S*h)
TO FROM P1ROM N ILAt A2 A3 A4

50.8 2.6273E404 9.9986E*e6 .898 i.0e2?E+e5
A.(LOG(FR ,-LOG(FROLI ),C
LOG(ETA)oLOGC ETAFROL)U((SL. SH)A,(SL-SH)(l!-SORT(!A$3 2 )))C¢/

TO ETAFROL SL SH FROL CBIt 12 01 94 9rS

50.6 1.321 .169 -. 325 1.5063E#04 .306
LOG(FR)oLOG(F )-12(T-T8)/(52,5/1 .+T-Te)

Rela ';:s

-- ),



tA

'-4

I°

'0
0 u

,-C 4

rI' -- -4 -4 a cs cc .o•c % C , m LA )-1 I4 m-" -4 c "-
i., r- 0 a cr T w C -v N LA -4 ( ' v ( CD -1 (y1 t-
n -4 A(N! C LA LA -4 rlA oA %D (- 0 IO c rn) U) 00 (14 a' (i r-A1

M 4= 0 CD c C 0 C ) 0 0 c C -I 1-1 ,-1 N v.-I 'a L

ddid d CiC3 d c5 c5 6 c5lc; ldl6 cs

N .- - -- in ,- o -, (N m- 0 co if,) CC rq LA Co LrA ) i -1

-A -1 C) a C L) co -4 C (N XO U) 1'a UA ,- -q
.-4 (N (N (N'al '. (N•' LA• rN l N l

' - C (-IT IL C4 en a- L) .-4 in IN mO rIN w. -T 'T LA C CD (NS1•;: Cý ,• 1,; Cý 1: ...-. C":r. 11 C',. 0e',• (".ý C
44 0 -4 I C, ( - , 0ZV C . c.) C- A.. tn 1 c- - cc. I ' CI J r" 0c Ic Ia

-4C .- 1 a ,-- , " ,-C ,-Ac %T w C) iq r- C.r C'J) 1 ' "L.- 4---i c ¢C , .-4 ' '-'o cC C, O .4 'alt CO ,.-4 I C N L - ' I I I ,-.4 CDI) .
,N l %D OD m in t- M -i LA -

- - i. r- - m , r- w -. - -I- i 1 - - - - - - --

II
I .. .I . . ..

CO 0 , C I) 0 in %0 i. - -,-4 ,-4 C' •L ) ( - -- I 'a a' CO
'44 C C (N '-Ia' -'r 0 'r '4 C11 c 'a 0C cc I r14 %C - co

I- I Ci '- J LA U A ) N ,-i J C - -LA L - -'
1LnL CO w- VA r- iz~ .

C-if-- C14 c ti r- = (-4 I C .' 4 'r I CO Ia c I l. I0I

, A C) "- ' r, cA 4 "1N- r I I - it ' I- , A I I .4 j -4 (4 it . ci ( -4 cc C) (N C ra (y- , C

.........................................!.L_......II:.I ..................
0' j- A .- 4 C . 0) L in jCLA C' ' C.4C) cl C)V('

o0 r-) i- , ( ' ýDr r ý 1r)lt Ia, C. I{ l I •I!•I[-

u CD 1-i ' 4- -J (1 nI- C-1 ir) .0C D LAOý ir ) 0 A -4 Cif (-- C' .- -
4.4 C~ C' co D %4.; (A I.' r L in -1 cc .c , a A '

I, r,& j7I-, rI I 1 17

1 ~41
(it ~~ ~ rjinI,)

0i



41

4-1

Z~ ~ r-4 C) CO C4 C f1 U~C L C ~ '4 4 C - C' O Cl '0

-0 co a' C' C C; C;. Cl C') 0'4 . C), o f 0' D 10 ' 1 L') C*l Il

(N (N C (N) (N 4 %.v .;' m 4 00 C r 0 0 c ~ C14 ' C-
co .r r) P o0 . c ) j C. Cý - r c

44 0 C Lr C" -. T -A -I _j (N'.9 0 (N C I o. C -4 U') C

4Q9 C r^ . I l nN %,I, co 49 . r ( 9 ( C lj (N -,I- (

r-4 _q4 cl c) .9 -4 .-4 ( ( l lz C-H 1. -.

-4, C, -

kcN \D IFN "c' all -4 C" rn irC C) '9 ý '.z o -T a, C

(-4 Cl C-4 (Nj I- 'r ,A I) 9 C- In' CC' kz - C'- -

-4 ('1 z' i iJ
C N (NJ ci 1" 4- CD .-- 14 In '-' C C3lj IIT Ill C

IN .'t -I 0C LI) k'9 ,-I C-i D '9 C jC. (--4 co M. C- 0'.

14 C If) (N4 C) m -- W %D ()9 C lý Cr Ii Co CI i'

-1' Cl CY, C- CO . C-Z V Cl Xc r-' co (,I( a, 0.4 0- c (,
.'4 (N 42 I) ,- ( 1 (

(.D ,-4 4 N 0 CI D I I-: C)' .- ý0.' C" - C. 4-. C '

4-' 3 (-, C-1~ % c ) t- A D. CNU) 0 - 1 -NC4 C7% I:- CC D C

0.449ý r - i- ( C. a) 0 CC rl C I 1) or" I (. cc '

44 C) (L C-- ((4 7 0 Cl C-- ( l0 t-- CCr 0. cC C'

1') 4 -4 "-3 %. ~ 4 C) ' .V 9* l -ý

0 -4
C. lC C '~-L l C T lC

,-F,. - l- " 4 9'' ( 4 '



0 
1

4-)j

0O 0

a% ~ N o r- c c,4 -4 .- 4 . o ~
0. 00 CO -40 0,- O N- 1C qz r- 00 N- (N r- 0 0
M N ýc tfý M0 (N -4 r-I .- 1 ,-4 (1) (N ,- - 1 ,-4 -- I-

C) C0 000 -q00 0 0 0

6c 666c 3 56 6 60- 61 C5 6

C CC (N N r '-4 (N (N d( C C c c C _ C-

4(N "I ( C. C7 in co C -( ~ -i (Nj (l (N -r L cc)

,- N 0 C'j N- C Lf C2 Cc I- '-4 cN O 0 x) C cc

C' -, LN in ( CC ..z fN .) c O r- (Ni % N C -
t44 0 T r- ON ( CN C-N (N cc f-- UCC .- A .- CL

r-, a, r- aO C, c ( ON N % N cN cON
WC'- (N ý07 C C 1-4 (N -q C N

,4 ,C - C,' N C N iC( C

S•n ,n 1 -1,• CNI U-, f-• U l*I11

I' 0 (1.) O- I -. cc.

U-4~~ v~ Ccc r- %D CC

( CC N' r- cc' .. . .i- cc (N- .
O N • Cl ' -I f I ' -I' -C O N C C C

P',- ( t IC Ný :-, (N T'~ N

CC L. (l rC Nn CO N N C O L C r CC

-n r-4 cr1

1.4 fO cc'4 C N N ~ ~ '

C_ f C r C'. ( CD ( CC C' 1

c- 
- - - -

-11 
- . -



NMMWONw-~ - -It LoU
4, 90 A at 9b( 444 r44 4 4

N WWWWWW*Cox:;WLJWWW Wm Kw aJ

XK~~Y(O''LflWm"O U,4 C~O04b1w
,L-* u~;; Mvch .011r-le-

M~~ n & -M......QC~fU9I 1 4.. ..... ~- ... OO. W O fU - O t C E

g~~~~~ act- -f0! t~0- W 0 W -rr4 - -W 0

~ ~ Jr-~f~..0YStU w-~c ~P'M O- !- CO C

ob n Z 4UU M.. -~ . 0 at 0 Q JCU 4 ... .- LA D * * . . . ,,a** * *;ý W r***

*we06@*@w~*QOQ~OUQOOWQSOO 0 .00@e 00O

. . .-- 5. . . . .

!0 0 0 * 00 0 00Wo M MD D 0 04 E 4 4 CD 4004 -almoeo M i 00 000 000

OO 4-0(l a

n414u1u4n IV4 10 mmwlc' C'
(ULA, mmst-s

Lo000 x o caMoaat -r r- N~nI M~J C '.0! aSM 0~ Wvvm mr

nj4A 3 49U4UC
.00 0 9 * e 0 0 0 0 .0 0 . .... ....

&L 4 4 4 4 4 4 *4 4 4* 4 4 44 4 4 4 4 4 4

WWL&8WWWWoo tsWWWmi4UJWCJ

Mm-Cuq4-z-rqCW
.~~C~tI~mM........ -. CC' OTT0

LOWC' (



rr

LiLJ

_

-4-



Polymeric Material Characterization Test
Test No. 78-17

Beam Nos. Not and Recorded Date 4,12/78

Damping Material MacBond IB2130

Material Thickness 0.0203 cm Material Density 1.103 CC

Beam. Thickness 0.1524 cm Beam Density 2.795 ,

Beam Length 17.78 cm

Temperature Test Range: Between -31.7 oC and 93. 3 oC-

Frecjencv Test Range: Between 10 Hz and 10 YI!z

Loss Factor riD:

Peak 1.00 Hz D 1.408 Temperature -9.4 :c
1000 iEz D 1.408 TemFeratu, re 8.9 QC

Range 100 Hz -20.G oC 4.4 4 r

1000 Hz -1.1 nc 30.0 °C

LOG(M I.LOG(ML) +(2LOG(MROM/ML 1 I/ (I + (FQ0r/FR)tIN,
To FROM MROM N rLAI A2 A3 A4

30.0 1.0317E+04 8.?144E+06 .390 2.111SE.05 I
A.(LOG(FR)-LOG(FROL) )/CLOG(ETA ).LOG (£TAFROL)+( (SL,SH)A÷ (SL-SH;( 1-SORT ( •+At :) ) )CL,2

TO ETAFROL SL SH FROL c
BI B2 93 BA 8S

30.0 1.408 .192 -. 358 8.5782E+03 .10e
LOG(FR).LOG(F)-I2aT-TO)/(S;5/1•.8T-TO)

Rem'aA-k s: __

____ ____ __ _ _ =
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Colymeric ..1.i. 1 te.1i-i Ch, racteri zato:n 7Yest

Test Nc. 79-4A

Beam Nos. 060C and 060D Date 5/79

Dampin• Material - oundcoat Ia

Mlaterial Thickness 0.0102 ilater al Density 0.965 ,c.cc

Beam Thickness 0.1524 cm Beam D_-ensity 2.795 c c

Beanr Len th 17.78 cpý

Temperature Test -ince: Between -1.78 °C and 148 .9

Frequency Test Rance: Between 10 liz and 10 v liz

Loss Factor r.

Peak 1.00 Hz r.,D 0.9 'TPCfrrprature 79.4 cC

1000 E.z rD 0.9 Tei,-!,Pr :ture 107.22 c'C
RanC.e C i00 }lz 40.6 oC ]Io.1 7 1 C

1000 liz 62.8 cC .50.00 c&

LOG(M),LOG(ML)*(1LOG(I9ROM/ML))/(I+(FROMI/FR ISf4)
TO FROM MROM NML(41 A2. A3 A4

7S.0 4.OOOE÷OE+ 1.4000E+06 .200 S.5000E+04
Ao (LOG(FR )-LOG(FROL ) ),C
LOG.(TA)*LOG(ETAFROL)+( (SLSH)A+ (SL-S• )( 1-SRT (1A:s2 ) ))C/2

TO ETAF'ROL SL SH FROL C
BI B3 B9. es

75. .9ee .400 -.200 l.sOOeE4el I.-ee
LOGFP).LOG6(F)-12(T-TO)/(525/1.8+T-'0)

Remark s:

___________________________________1___,
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Pc.ymeric Material Characterizaticn Te-st

Test Nc. 80-i

Beam Nos. 080-1 and 080-2 Date 1/80

-ampinj .Mterial Scundcoat .

Material Thickness 0.0127 crr :,'aterial Densi 1 0J9 1.04

Beam Thickness 0.2032 cm Beam Density 2.795 CL'c

Beam Lenath 17.79 cm

.emoeratu.,re Test Rance: Between -45.6 •c an- 65.6 oc

Frequencv Test Rance: Between 10 HIZ and IQ KHz

Loss Factor 7-:

e ak 100 Hz r.. 1.5 Te...ert.re 32 .2

1001 HZ T-, 1.5 Temnerature 65.6 0C

,ange 100 Hz 7.2 •C 57.2 -C

1030 lz 44.4 •c ]01.1 °C

LOG(M),LOGL.aLOG(mROMML,)/(i•F(RON,MCR1)*N
TO FROM MROM N IL

At A2 A3 A4
-10.0 6.6000E+62 8.Se0OE+e6 .60e 3.5060E÷OS

Ao(LOG(FR)-LOG(FROL) '/C
LOG(ETA)-LOG(ETAFROL)÷((SL+SP)A(SL-SH)(,-SORT(A.A$12)f)Ci,

TO ETAFROL SL SH FROL C
31 B2 B3 B4 DS

-20.0 1.500 .800 -. 850 3.0OOOE#02 1.2s0
LOG(FR).LOG(F)-12(T-TO)/(SaS/I.8+T-TO)

Rema rk s5:
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.ciCvmer.c rMate iaii Characterization Test

Test No. 79-7

Pea-n• Nos. 080-] and 080-2 Date 11/27/79

Damping Materia] Soundcoat N

Matc-er.ial Thick•n:ss 0.0127 sit\' 1.049

Deam Thickness 0.2032 -m Bea. Densitv 2.79% ,

Eear L•ncth 17.78 c.

Temperature Test Rancoe: Between -31_7 oC and 93.3 cC

Frequency Test Range: Between 10 Hz and ].0 8Hz

ocss Facctr I.-

Peak 300 Hz 'r 1.3 Tennerature -11.1 oC

1000 ,.3 -ei, c-r ure 44 4 -

.n, 100 _iz -28.9 ,-' S.9 '

1020 ]z -17.8 • 26.7 oc

LOG(I)-LOG(ML).(2LCG9R'oM'M, ;!' ÷F'•t flhIN)
TO FROM j1ROF NML

Al A2 A3 A4
75.e 1.400eE+06 9.8O000+06 .325 2.ee0OE+05

A.(LOG(FRh-LOG(FROL ) )/C
LOG( ETA LOG ( ETAFROL) ( SL#5H)A ( SL-SH ) 1-SORT (I+AZ ) 2 'C2

TO ETAFROL St 5H FROL C
91 92 93 B4 95

75.0 1.250 .350 -. 350 4.3000E+O5 2.250
LOG(FR ).LQG(F )-121T-TO )/( .5/1.8*T-TO;

oePar: s
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T--o'.neric :ter-ai Chractez'i t:ati; Test ]
Test N!, 79-1

Beam Nos. 060C ard 060D Date 5/79

Material a T hi ress 0.0254 c. :.csteric! Density 0.950

Bean Thickness 0. 1524 ci BPeaF Density "2.795 q.CC

13.... Le -7t'h 17.78

T e.7Ile rat c e r R oe F3:e- Bet ween -59.4 cC ar.d 5., (I

F requeZ,¢ Test cange: Between 10 Hz ar.d 10 Vliz
L~oss Fo•t , -.... ,

" t 2.4 Tew-Ke ture ]22 C
*i00 "Tz "- 2.4 Tem, eaature !0.0 C

RP:-T2~c: jOC HZ -22> 3._¢ -CC c

!CC0C 11: 3 .9 , Pc ,.'.

~]LO G [ P.) •L O G ( M L ) ÷(2 LO G (MPR o M ,M L ) J ,( 1 ÷ WF R O P,, F R )9 3 t, ,
To FROM MROM N ML

Al A2 A3 A4
15.0 3.6SGSE+03 7.7910E+06 .621 ,.2588E,05

A,(LOG(FR)-LOG(FROL ))/C
LOG (ETA)- LOG (ETAFROL) ((SL+SH ;A+(SL-SH 1)-SORT{ *+Atz2 ))C/2

TO ETAFROL SL SH FROL C
91 82 83 B4 B5

15.0 2.298 .429 -. 5a7 1.7768E+03 .253
LOG(FRC-LOG )-1.T-T )/(s2S/1.8*T-T )
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Polymeric Material Characterization Test

Test No. 7-11

Beam Nos. 050A and 050B Date .1/26/77

Damping Material Soundcoat Diad 601

Material Thickness 0.0381 cm Material Density 0.965 q/cc

Beam Thickness 0.127 cm Beam Density 2.795 q/cc

Beam Length 17.78 cm

Temperature Test Range: Between -3.9 oC and 65.6 -C

Frequency Test Range: Between 10 Hz and 10 K Hz

Loss Factor rD:

Peak 100 Hz n 1.01 Termperature 10.0 C

1000 !z D 1.01 Temcrerature 29.4 eC

Range 100 H!z -9.4 3C 32.2 2 C

1000 Hz 29.4 DC 57.2 oC

LOG(M)-LOG(ML)+(2LOG(MROM/ML))/(I+(FROM/FR)$$t )
TO FROM MROM H ML

Al A2 A3 A4
40.0 7.3251E+03 1.6863E+07 .406 2.9765E.o5

A. (LOG(FA -LOG(FROL))/C
LOG(ETA).LOG(ETAFROL),((SL+SH)A÷(SL-St'$)(1-SORT(I At$2)))C/2

TO ETAFROL SL SH FROL C
91 02 B3 B4 85

40.0 1.010 .700 -. 700 2.0000E+3 2.500
LOG(FR'-LOG(F)-12(T-TO)/(52S/i .8.T-T0)

Rc;••- •k s

S. ...... ... ... .U. .
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Polymeric Material Characterization Test

Test No. 77-18

Beam Nos. Not and Recorded Date 2/10",'7 _-7

Damping Material Soundcoat Diad 606

Material Thickness 0.0381 cm MateDial Density o.- C.

Beam Thickness 0.1778 cm Beam Density 2.795 Cc

Beam Lerinth 17.78 cm

TemL.erature Test Rance: Between l0.n r and 93*3 .

Frequency Test Rance: Between 10 H: and 10 KHz

Loss Factor ;D

Peak 100 Hz T'D 1.01 Tem-cr,.ture 30 ___

1000 2z D 1.01 T Tem,,ratore 57.2 0 5

RanrIe 100 Hz 15.6 C 68.3 0,

1000 Hz 29.4 °C 93.9 "2

LOG(M)-.LO (pL)+(2LOG(AROI!Mi) /,1(FiROM.,FR'Io )R
TO FROM nRoM N ML

Al A2 A3 A4
80.0 2.2eee@ O 4 2.eeOOEO? .3Se 3.SP'OE,05

A"(LOG(FR)-LOG(FROL))/C
I.OG(ETA)-LOG(ETAFROL.)((SL+SH)A#(SL-SH)(1-SORTr(l +A$g: ;:C/2

To ETAFROL SL SH FROL C
B1 Be B3 94 9S

e0.0 1,010 .400 -.600 3.0000E#04 2.500
LOG(FR )•LOG(f )-12(T-T0 )/(S25/1 .8T-TO)

Remark s: k

i 1
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Polvmi-ic Material Charact1-ra t ',tI% Test

Test No. 77-20

Deam Nos. 07/D a d Cl 701.: Date 2/17/77

Datmr:,'n-I ., atoria3 Soundcoat Diad 609

Material Thicknes 0.0406 cm s~teria Dernsity 0. c .

;,eam Thickness 0.1778 c7 Beam Densit" 2.7 9q, -'ic." c

Bcan. Lcncth 17.78 cm

Temperature Test Range: Between 19.4 -C an,3 121.5 oC

Fre iuen-"v Ttest RaPrce: - etwcc-n 10 z and ]0 ]. H

Lecss Faictor D

Peal: 100 z r, 06GI0 T -- tr 37.8 c.S.... • cO ,p c- -a t u re•
1300 i:z 0.610 - ?en-icrcture 60.0 c"

Pance !00 ,00 oC 73.) c

10D0 z 29.4 ' 101.7 °c

LOG(M),LOG(ML), (LOGIMRIRM/flLf)l,(I(FROM/FR)*•1)

TO FROM MROfl N ML
Al A2 A3 A4

70.0 a.-eee÷+04 S.00eE.07 .300 8.5020E÷05
A,(LOG(FR)-LOG(FROL) ,'C
LOG(ETA)-LOG(ErAFROL),((SL+SH)A+(SL-SH)(l-SORT(I+AS$2)))C/-,2

TO ETAFROL SL SH FROL C
BI 92 33 B4 B5

70.0 .610 .400 -. 400 2.2500E+03 2.aSe
LOG(FR)-LOG(F)-12(T-TO)/(525/' .8,T-TO)

-I 14

Remark___________ s___ ________ _______
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Polymeri erC ae-ai 0 Cha z acr tatiL'n S,-
Test No. 80-2

beam Nos. 089-] an1 080-2 Date 2 '2_0/80

Dampin-: Material .;our-dfni] I,T12 (Soundcoat)

Vaterial Thickneos 0.0:,59 cm Material DensitV I . 09

Beam Thickness 0.2032 .m Beam Densftv 2.795

Beam Length 17.78 Co.

Temperature Test Range: Between -59.4 and 65.(

Frecuen,:v Test Ranee: Between 10 Hz =nd 1 0 Y.<'

Loss Factor,

ea . 00 H:: 1.010 Ten[.eratu'' -48 33e

1030 C z 3 i 1 .0 T em -,cv u:: -o.1 2 1

ze. -(5.0 -27.8
100; c z -42.8 1.1

LOG( M.•- LOG( IL I ÷ 2LOG (MPROM/,•L ) ),( 1(FRO?1,Fk)*zl4
TO FROM MROM N MTL

Al A2 A3 A4
-30.0 10.eeOoE+03 1o.0oeoE40? .275 1.2600F*AS

I,.(LOG(FR)-LOG(FROL) )/C
LOG(ETA)-LOG(ETAFROL)H((SL+SH)A•(SL-SH)(l-SORT(1."A$3)))C¢2

TO ETAFROL SL SH FROL C
01 82 93 B4 S5

-30.0 1.010 .700 -1.25e 2.0eOOE+03 I.se0
LOG(FR).LOG(F)-la(T-TO)'(52sa1.8+T-T0I

Remarks :
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Polymeric Material Characteriza'-ion Test

Test No. 79-2

Beam Nos. 060C and 060- Date 5/79

Damping Material 3M ISD 110

Material Thickness 0.0127 c-m Materlal Density 0.q65 C/cc

Beam Thickness 0.1524 c- Beam Density 2.795 a/cc

Beam Length 17.78 cm

Temperature Test Range: Between -17.8 -c and 121.1 0 C

Frequencv Test Panee: Between 10 Hz and ]0 v 11z

Less Factor n D:

Peak 1.00 '412 D 1.14 Temrerature 43. oC

1000 il z 1.14 T -: nr..r . r 60.(

Rtnge 100 H- 18.3 ýC 82.2 •C

1000 H{z 29.4 0C 110.0 0C

LOG(M)-LOG( L ) 2LOG(rIRO•/ML))/( 1 (FO/FR) UN)
TO FROM PiROM N ML

Al A2 A3 A4
70.0 5.0000E÷03 2.8000E,06 .36, S. .000E+04

A- .LOG(FR)-LOG(FROL)),C
LOG( ETA)LOG(ETAF'ROL)+((SL+SH)A+(SL-SH)(1-SORT(1+A12)))C/2

Te ETAFROL 5L SH FROL C
BI 92 B3 B4 ES

70.0 1.300 .350 -. 400 2.000e3Ee3 2.0ee
LOG(FR).LOG(" )-12(T-TO)/(525,i .8T-TD)

Rema rks: Comnosite structures made with this material should be

heat-soaked between 51.9'C and 65.6)C for at least one hours Tro

insure :ood adhesion.

['hermo•ravitationa] analvsis (TCA) r-evealecl si-nificar:t

Cecoml)osjtion beginning at 240 0 C.
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PcvI YMC C ier Ch . C 17iati U! TCst

Test No. 79-1

Bean': Nos. 060C and 060D D ate 5/ 9

Dar X,-n, t Materi=i 3M IS D 112

M'aterial Thickness 0.0127 ",Material Dcnsitv 0.9(5 '.,cc

Beam ThIckness 0.1524 kea, Den sit% 2.795 cc

Bear Lencth 17.78 cm

Temperature Test Rance: Between -31.7 °C and 93.3 cc

Frequency Test Range: Between 10 Hz and 10 KHz

Loss Factur r-.:

Peak 100 1!- , D 1.08 Temerature 7.2 C

1000 0 1 .08 Temperature 29.4 c

Fange 100 1,z -12.2 0c 35.0 oC

1000 Hz 4.4 0c 76.7 cC

LOG(M)-ILOG(ML)+(2LOG(MROM/ML) )/(I*(FROtM/FR)Zlih)
TO FROM MROM N ML

Al A2 A3 4
40.0 2.OeeOE+04 4.7500E.06 .275 6.OOeOE.e4A-(LOG(FA)-LOG(FRO0 ) ),C

LOG(ETA)-LOG(ETAFROL)+t(SL+MH)A.(SL-SH )cl-SORT(I+.A$2,))C/2"To ETAFROL SL SH FROL C
BI 32 03 34 R5

40.0 1.080 .450 -. 550 5.oeeoE0e3 2.Soe
LOG(FR)-LOG(F)-12(T-T@)/(525/1.8+T-?e)

Remarks: '1:crmoaravitational (TGA) analvsis

revealed significant decomposition of this mateýrial beiinnmr;

at 250 0 C.

200
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cCymeric MatcrLal Ch a racterizatioon Test
Tet o 77-e]

No s. 07/0 ,1) 0701 Date 5/4/77

Da:mjimN Materia Ia 113

ts 0.013 eP: 2ateri! I>,n.hsit\" 0.969 cc

' T ces 0.]78 1 n Hea- Density ) Oi .
B C.,- e c , 7

Tomoer-ture Test Sance: Between -36.1 cC and - o

Ire.ue":cy Test Rae: Btween 10 }cz nd 10 c o

Locss Factor r:

PeC.k 303 Hz 1 .25 ..mi.erature

100C . z ..> 1.25 '7e:.Terature I1 0

.F..::. 103 H- -35 C C

LOG( M )-LOG (ML)+t2LOG(MROM,'ML) )/(, ÷ (FROfl/FR) IRN)
TO FROM MROMP N ML

Pi A2 A3 A4

10.0 2.OOOOE+e4 2.OOOOE+07 .300 7.5e@@E+04
A,(LOGLFR)-LOG(FROL) )/C
LOGtETA •LOG(ETAFROL)4(C(SL.SH)A+(SL-SH)(1-SORT(1+Al[2)))C/2

TO ETAFROL SL SH FROL cBI B2, 83 B4 BS

16.0 1.250 .800 -1.e00 2.Se8OE.63 3.000
LOG(FR .LOG(F)-Ia(T-TO),(525,1.8+T-TO)

i\C[-I t1J_\E

)' 'C
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Pol!flerJc Material Characterization Test

Test No. 79-5

Beam Nos. 060C and 060D Date 6/79

Dan-ping Material 3M,1 ISD 113 (Modified)

;.Material Thickness 0.0127 cf Material Density Y G/cc

5earn Thickness 0.1524 c- Bear,, Densitv 2..795_'

Eeam~ Lenh~ 17.78 cm
Temperature Test Rarce: Between -45.6 0C and 65.6 °C

Frequency Test Rance: Bet -:een 10 Hz and 10 1K E'z

.,oss Factor TD

Peak ]0Q Hz D 1.5 Tempc-rature -7.0 ec

!000 liZ r 1.5 CrT:e. c ratur -1.1 eC

Ranoe 100 1iz -31.7 c -6.7 oc

0cc liz -12.2 1 -1.] a

MATERIAL RMOD. Iad 113
LOG( •C),LO~tFlL)+( •LO (MROM/ML) )/ (I+ (FROFI/FR)S*M)

F" MO 4 N MI.
Al AB A3 A,410.0 ?.S$W+•03 S.S~NIO,,O .38S 2.000K+0,4

A.(LOGCFR)-LOG(FROI.) )/CLOG (ETA), LOG (ET•IROL.)+( (SL÷SH •A,"( SL-SH ) ( -SOI•T (1,I*At ) ))C/e

To ETAFROL St, sm FROL C
31 #a 33 34 I6

10.6 1.$0 .30M -. SO$ 3.SWE*63 .306

LO.FR)rk s :
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Polymeric Material Charact-erization Test

Test No. 78-2

Beam Nos. Not and Recorded Date 1,3/78

Danyinq :•ateria1 3M ISD 830

Mlateiail Thicknress 0.152 cm Material Density

Beam Thickness 0. 1524 cm Beam Densitv 2.-c) c

Beam Lcnzth 17.78 cm
I'emperatre Test Range: Setween _- C a _0

""ct n i' t0 t,;a d 0 ?: r":-9.4 C4

Freq:ucncy Test Rarq;e: t'.0een f 0 Hz d 0

Loss Factor rD

>~a !3,3 Hz° nD 1 . 'Tempo ra tcar, -(K 1. C

1000 ;[Z r 9  ].6 D 3:.-rjtre 3 3-

F~an 100 liz -(2.2 C -48.33 .

100 U{.: -12.78 -I -17.8

LOG(M)-LOG(qL )+(aLOGkMRCe'/IL }),( I÷(FROri/FR)•Ith;

TO FROM PROM N P-L
At A2 A3 A4

-1s.e 1.2ee@E+e4 2.OOOOE•e 7 .see 4.OOOOE+05
A.(LOG(FR)-LOG(FROL ))/C
LOG(ETA• .LOG .TAFROLU )( (L+SH)A+(SL-SH)N i-$QT(Ir 'I* ) )C/2

TO ETAFROL SL SH FROL C
81 8 B3 94 DS

-1s.0 1.600 .450 -.900 8.ee0GE+03 .see
LOGJQ )-LOG(F )-1 'T--1  )/S52S/1 .8÷T-TO)

' . . . ... . . .. ... I Ik - I II IIII I Jt l ( I i I I 1! I l i I
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Polymreric ,.aterial chracterzatic • l Test
Tes N. 79-6

N . os. 080H. ar;d 0807 Date 9/779

, , .,ate:- Enoay Butyl 268

".:atriaa Thickness 0.0381 c-, Material Density 1.187 .

neam Thickness 0.2032 cm ecam Density 2. 799 -icc

FeJPr Length 17.78 --

Temperature Test Raiige: Between -45.6 cC and 65.6 C,
.*< r u.ZcI. Test Range: Between 10 1]z and 10 KHz

Loss Factor

10ek 0 Hz z 1.7 Tei-oerature -20.6 cC

i0^0 ]iz D 17 Temperature -] .i °C

Range 100 e z -37.2 cC -6.7 C

1000 Hz -17.8 Cc 15.6 C

LOGtM).LOG(ML).(2LOG(MROMMLu ))/(1+(FROM/,FR'S , ;
TO FROM MROM N•ML

I A2 A3 A4
10.0 9.teeOE.6o3 3.EeeOE+e? .320 4.4000E+06A-(LOG(FR)-LOG(FROL) ),C

LOG(ETA.)LOG(ETAFROL9•"I (L÷SHp)A.(SL-SH)( 1-SRT(I*Az$2l))C/2
TO ETAFROL SL Sm FROL C

Bi 32 33 B4 05
10.0 i.?O0 .56e -. 510 2.8000E~e3 1.050

LOG FR1)LOG(F)-1,2(T-TO),IS25/1.8,T-TO)

Remarks: Lccti te 404 was the only adhesive found that adoj)teI v

adh.ered the material to the bean-'.
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